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C.l  PURPOSE  FOR  MODELING 

This  modeling  was  conducted  to  predict  concentrations  of  COPCs  at  the  shoreline 
of  the  Yukon  River.  For  the  purpose  of  this  task,  all  of  the  COPCs  from  the  following  source 
areas  were  modeled: 

•  Fire  Protection  Training  Area; 

•  POL  Tank  Farm;  and 

•  West  Unit,  which  includes: 

Building  1845; 

Power  Plant  UST  No.  49; 

Waste  Accumulation  Area; 

JP-4  Fillstands  Area;  and 
Million  Gallon  Hill. 

Once  calibrated,  the  model  parameters  were  set  to  predict  the  concentrations  of  the  chemicals  at 
a  location  on  the  shoreline  of  the  Yukon  River  directly  downgradient  of  groundwater  flow  from 
each  of  the  various  source  areas. 

Groundwater  modeling  from  two  additional  source  areas,  the  Southeast  Runway 
Fuel  Spill  Area  and  the  Control  Tower  Drum  Storage  Area,  South,  was  conducted  using  the 
methodology  described  in  this  appendix.  The  results  of  the  modeling  for  these  two  source  areas, 
however,  are  presented  in  the  Volume  4  Addendum. 

C.2  MODELING  METHODS 

The  model  chosen  for  this  process  solves  the  two-dimensional  advection  dispersion 
equation  for  a  homogeneous,  isotropic  porous  medium  having  a  unidirectional  steady  state  flow 
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based  on  the  input  values  of  the  variables  listed  in  Table  C-1.  It  simulates  a  solute  being  released 
from  a  strip  source,  orthogonal  to  the  flow  field.  The  advected  solute  undergoes  first-order  decay 
and  sorption-desorption  expressed  as  a  retardation  factor.  The  model  returns  the  relative  solute 
concentration,  (c)  at  {x,y,t}.  The  equations  and  partial  programming  code  for  the  model  were 
extracted  from  the  following  listed  sources.  The  modeling  code  was  written  by  Radian  in  the 
Fortran  77  and  S-Plus  programming  languages.  Reference:  Javandel,  Doughty,  and  Tsang 
(1984).  Groundwater  Transport:  Handbook  of  Mathematical  Models.  Implementation  of 
Equation  (48),  Page  19. 

The  modeling  technique  was  broken  up  into  three  steps.  In  the  first  step,  the 
model  was  calibrated  to  match  measured  field  conditions.  Reasonable  ranges  of  parameters 
(defined  in  Table  C-1)  were  input  into  the  model  in  varying  configurations  in  order  to  calibrate 
the  model.  The  results  were  then  compared  to  measured  field  concentrations  to  screen  out  the 
configurations  that  did  not  match.  The  second  step  was  to  use  the  parameter  configurations  that 
matched  measured  field  data  to  estimate  the  concentrations  of  contaminants  at  the  areas  of 
concern.  This  was  accomplished  by  changing  the  “x”,  “y”,  and  “f  ’  parameters  to  estimate  steady 
state  concentrations  in  the  particular  area  of  concern  relative  to  the  source  area.  At  least  one,  but 
usually  two  or  more,  target  constituent(s)  were  taken  through  the  first  two  steps.  The  shoreline 
concentration  estimates  for  remaining  COPCs  were  determined  in  the  final  step.  In  the  last  step, 
the  configuration  of  parameters  which  were  calibrated  to  fit  the  modeled  constituents  field  data 
was  input  into  the  model  with  the  respective  lowest  reported  decay  coefficients  for  each 
remaining  constituent.  The  resulting  relative  solute  concentration  (c)  was  then  multiplied  by  the 
highest  measured  concentration  at  the  source  to  predict  the  concentration  at  {x,y,t}. 

C.3  MODELING  ASSUMPTIONS 

All  maximum  detections  were  simulated  in  the  modeling.  After  calibration  with 
the  target  compounds,  the  maximum  concentration  for  all  of  the  constituents  detected  was  input 
into  the  model  as  a  continuously  releasing  source  to  model  each  constituent’s  concentration  at  the 
shoreline. 
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Table  C4 

Galena  Groundwater  Parameters 


Variable  Name 

Units 

Values(s) 

Used 

Source/Comments 

Position  in  direction  of 
ground  water  flow  (x) 

ft 

- 

Determined  by  the  spatial  relationships  between 
the  monitoring  wells,  and  between  the  source  area 
and  the  area  of  concern. 

Position  normal  to 
groundwater  flow  (y) 

ft 

- 

Determined  by  the  spatial  relationships  between 
the  monitoring  wells,  and  between  the  source  area 
and  the  area  of  concern. 

Lower  limit  of  integration 

(to) 

days 

- 

Determined  by  “x”  and  the  dispersion  rate  (dl). 
Values  used  estimated  the  time  immediately  before 
the  head  of  the  plume  reached  the  area  of  concern. 

Time  since  start  of  solute 
release  (t) 

days 

Determined  by  “x”  and  the  dispersion  rate  (dl). 
Values  used  estimated  the  time  directly  after  the 
contaminant  concentration  reached  steady  state  at 
the  area  of  concern. 

Strip  source  half  width  (a) 

ft 

.  - 

Determined  by  the  spatial  relationships  between 
the  monitoring  wells  of  the  modeled  source  area 
and  the  concentrations  measured  at  those  wells. 

Ground  water  flow 
velocity  (v) 

ft/day 

0.5,  1,  and 
1.3 

These  values  were  used  to  test  the  possible  range 
of  flow  rates  reported  in  the  Draft  Final  Remedial 
Investigation  Report  Galena  Airport  and  Champion 
Air  Force  Station  Volume  1. 

Retardation  factor  (r) 

- 

1 

Retardation  is  factored  out  of  the  model. 

First-order  decay 
coefficient  of  solute  (alam) 

1/days 

These  values  are  chemical  specific.  The  range  of 
values  used  were  taken  from  “The  Handbook  of 
Environmental  Degradation  Rates”  by  Howard,  et 
al.  1991. 

Longitudinal  dispersion 
coefficient  (dl) 

ftVdays 

0.5,  1,  5, 

10,  and  15 

Range  of  values  selected  based  on  M.P. 

Anderson’s  1979  paper  "Using  Models  to  Simulate 
the  Movement  of  Contaminants  Through 
Groundwater  Flow  Systems." 

Transverse  dispersion 
coefficient  (dt) 

ftVdays 

dl/10 

Range  of  values  selected  based  on  M.P. 

Anderson’s  1979  paper  "Using  Models  to  Simulate 
the  Movement  of  Contaminants  Through 
Groundwater  Flow  Systems." 
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The  decay  rates  used  were  taken  from  “The  Handbook  of  Environmental 
Degradation  Rates”  by  Howard,  et  al.  1991.  The  book  lists  groxmdwater  lower  and  upper  half 
lives  for  most  of  the  constituents  at  Galena  based  on  historical  reported  data.  Since  our  model 
takes  decay  rate  rather  than  half  life,  we  converted  the  half  lives  to  decay  rates.  After  calibrating 
the  model  for  each  site  (mostly  by  finding  groundwater  velocity  and  dispersion  rates  that  fit 
measured  data),  the  most  conservative  rate  that  the  book  listed  was  used  in  the  model  to  estimate 
the  final  concentrations.  For  constituents  that  were  not  listed  in  the  book,  we  used  a  decay  rate 
of  0.  For  most  constituents,  the  decay  rates  used  were  the  most  conservative  listed  in  Howard 
et  al.,  which  is  a  wide  ranging  compilation  of  other  scientists’  studies  and  data. 

For  all  metals  the  decay  rate  was  set  to  0.  For  pesticides,  the  most  conservative 
half-life  found  for  each  pesticide  was  used.  For  instance,  a  half-life  of  over  three  years  was  used 
for  DDD,  DDT,  and  DDE. 

The  model  was  calibrated  for  each  site  using  one  or  more  key  constituents  taken 
from  actual  field  data.  For  those  key  constituents,  the  modeling  results  had  to  match  field  data 
in  order  for  the  model  to  be  considered  calibrated.  Numbers  of  simulations  ranging  from  200 
to  over  750  were  used  to  calibrate  the  model  for  each  site.  Each  simulation  was  made  with  a 
different  configuration  of  the  models  parameters.  Typically,  from  each  set  of  simulations  less 
that  10  configurations  of  parameters  fit  measured  field  values.  The  most  conservative  decay  rates 
reported  in  Howard  et  al.  were  used  for  all  other  constituents  at  each  site;  therefore,  the  predicted 
levels  may  not  match  field  data  precisely,  but  they  should  be  conservative  if  they  do  not.  If  the 
wells  at  a  site  were  not  configured  in  an  upgradient  to  downgradient  fashion,  even  more 
conservative  numbers  had  to  be  used,  because  the  well  configuration  did  not  allow  the  model  to 
be  calibrated  as  accurately.  This,  again  is  a  conservative  approach  that  lead  to  some 
inconsistencies  between  sites.  For  the  sites  that  had  multiple  wells,  the  range  of  possible 
parameters  could  be  narrowed  down  to  more  accurately  simulate  actual  field  conditions.  Instead 
of  using  these  parameters  for  other  sites,  only  the  parameters  that  were  obtainable  from  the 
existing  well  configurations  at  a  particular  site  were  used. 
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The  difference  in  degradation  between  contaminants  in  modeled  shoreline 
concentrations  is  due  to  the  conservatism  built  into  the  modeling  technique.  Several  key 
constituents  were  selected  at  each  site  to  calibrate  the  model  to  the  field  data,  and  the  remaining 
constituents  were  modeled  with  all  of  the  calibrated  parameters  except  decay  rates  (where  the 
individual  constituents  rates  were  used).  At  least  several  hundred  simulations  were  performed 
at  each  site  for  each  key  constituent  to  calibrate  the  model.  The  model  was  considered  calibrated 
for  a  specific  site  when  a  set  of  aquifer  parameters  (dispersion  and  velocity)  yielded  results 
consistent  with  field  data,  typically  for  at  least  two  or  three  constituents.  As  an  example  of  how 
differences  in  modeled  degradation  rates  could  occur,  benzene  was  used  as  one  of  the  key 
constituents  at  almost  every  site  because  it  was  analyzed  for,  and  detected,  at  most  of  the  wells. 
Of  the  hundreds  of  simulations  using  benzene,  the  model  could  not  calibrate  using  the  most 
conservative  decay  rates  for  benzene.  Therefore  the  decay  rate  was  increased  vmtil  the  model 
would  calibrate.  The  final  half-life  for  benzene  used  in  the  modeling  was  70  days.  A  disparity 
between  the  degradation  of  BTEX  components  occurred  because  the  toluene,  ethylbenzene,  and 
xylene  decay  rates  were  not  raised  above  the  most  conservative  levels  reported  by  the  Howard 
et  al.  To  be  consistent,  we  could  have  correspondingly  lowered  the  half  lives  (raised  the  decay 
rates)  of  the  other  constituents  at  the  site,  but  it  was  much  more  conservative  and  defensible  to 
use  the  maximum  half-lives  reported  in  the  source  book. 

In  the  context  of  this  report,  steady  state  means  that  a  somce  is  continuously 
releasing  the  contaminant  at  a  steady  rate,  and  after  a  certain  munber  of  days  (years)  depending 
on  the  groundwater  parameters,  the  plume  footprint  will  stabilize.  Steady  state  was  assumed  in 
the  modeling  as  this  is  a  more  conservative  approach  than  assuming  an  isolated  release  that  is  no 
longer  occurring. 

Uncertainties  in  flow  velocities  were  accounted  for  in  the  calibration  step. 
Neglecting  the  effects  of  dispersion,  the  extrapolation  of  concentration  in  time  is  independent  of 
the  flow  velocity,  provided  that  the  observed  concentration  at  known  points  is  honored.  The  key 
assumption  is  homogeneity.  Preferential  flow  pathways  may  well  exist,  and  would  indeed  have 
a  significant  impact  on  predicted  concentrations.  However,  inclusion  of  possible,  yet 
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uncharacterized  inhomogeneities  is  beyond  the  scope  of  this  analysis.  Similarly,  model 
calibration  should  also  accoimt  for  variations  in  cold-climate  decay  rates  as  well  as  volatilization. 

A  wide  range  of  dispersion  values  was  tested  in  the  modeling,  and  the  ones  used 
are  on  the  low  end  of  the  M.P.  Anderson  (1979)  values.  Along  with  velocity,  dispersion  values 
were  used  to  calibrate  the  model  with  field  data.  Typically  over  200  simulations  were  run  at  each 
site.  The  final  dispersion  levels  used  were  chosen  because  they  were  the  values  in  the  simulations 
that  allowed  the  model  to  produce  results  consistent  with  field  measurements. 

C.4  RIVER  DILUTION  METHODOLOGY  AND  ASSUMPTIONS 

The  final  river  concentrations  were  calculated  for  a  five  foot  mixing  zone  from  the 
shoreline.  The  mixing  zone  is  assumed  to  be  five  feet  from  the  river’s  edge  to  provide 
conservative  estimates  of  concentrations  as  well  as  simulate  actual  river  flow  characteristics.  The 
concentration  of  each  contaminant  was  calculated  within  this  mixing  zone  according  to  the  five 
step  process  outlined  below. 

Step  1 — Calculate  constituent  inflow  into  the  river: 

Constituent  inflow  (pg/day)  =  GW  flow  (ft/day)  *  porosity  (unitless)  *  conversion 
factor  (l/ft^)  *  plume  cross-section  of  river  (fl^)  *  shoreline  concentration  of  constituent  (pg/1) 

Where: 

GW  flow  =  1  ft/day  everywhere  except  the  FPTA  where  it  is  1.3 

ft/day 

porosity  =  0.35 

conversion  factor  =  28.316  1/ft^ 

plume  cross-section  of  river  =  30  ft  (depth)  *  plume  width  at  river  (ft)  (values  of  the 

plume  width  range  from  1500  ft  at  the  POL  Area  to 
310  ft  at  Bldg  1845). 
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Step  2 — Calculate  river  flow  within  a  5-foot  mixing  zone  of  the  shoreline 

5-foot  zone  river  flow  (ftVsec)  =  total  river  flow  (tf/sec)  *  mixing  zone  X- 
sectional  area  (tf)  /  river  X-sectional  area  (tf )  *  friction  flow  reduction  factor  (unitless) 

Where: 

total  river  flow 
mixing  zone  X-sectional  area 
river  X-sectional  area 
friction  flow  reduction  factor 

Step  3— Convert  river  flow  to  1/day 

5-foot  zone  river  flow  (1/day)  =  mixing  zone  river  flow  (ftVsec)  *  conversion  factor 
(1/ft^)  *  conversion  factor  (sec/day) 

Where: 


=  225,000  ftVsec 
=  5  ft  *  1584  ft 
=  23  ft  *  3168  ft 

=  0.1  (X-sectional  flow  at  edge  is  approx.  1/10 
average  flow) 


conversion  factor  (sec/day)  =  86,400  sec/day 

Step  4 — Calculate  final  5-foot  mixing  zone  concentrations 

Final  5-foot  mixing  zone  concentration  (pg/1)  =  [constituent  inflow  (pg/day)]  /  [5- 
foot  flow  (1/day)] 
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Step  5 — ^Add  upstream  values  of  constituents  with  downstream  values  to  account  for 
downstream  accumulations. 


All  modeled  values  for  shoreline  concentrations  and  5-foot  mixing  zone  river 
concentrations  are  listed  in  Table  C-2. 


C.5  REFERENCES 


Anderson,  M.P.  "Using  Models  to  Simulate  the  Movement  of  Contaminants  through  Groundwater 
Flow  Systems",  In  CRC  Crit.  Rev.  Environ.  Control,  9(2),  97-156.  1979. 

Howard,  P.H.  et  al.  The  Handbook  of  Environmental  Degradation  Rates.  Lewis  Publishers. 
1991. 

Javendel,  I.,  C.  Doughty,  and  C.F.  Tsang.  Groundwater  Transport:  Handbook  of  Mathematical 
Models.  American  Geophysical  Union.  1984. 


March  1996 


C-8 


Galena  Airport 


Appendix  C — Groundwater  Modeling 
Baseline  Risk  Assessment 


Table  C-2 
Modeling  Results 


Analyte 


1 , 1  -Dichloroethene _ 

1 ,2-Dichloroethane 


2,4-Dimethylphenol 


2-Butanone  (MEK) _ 

2-Methylnaphthalene 


2-Methylphenol(o-cresol) _ 

4,4'-DDD _ 

4,4'-DDE 


4,4’-DDT _ , 

4-Methyl-2-Pentanone(MIB  K) 


4-Methylphenol(p-cresol) 


4-Methylphenol/3-Methylphenol 


Acetone 


Acenaphthalene 


Aldrin _ 

alpha-BHC 


Benzene 


Benzoic  acid 


Benzyl  alcohol 


beta-BHC _ 

bis(2-Ethylhexyl)phthalate _ 

Bromochloromethane 


Location 


1 


G94-05-MW-04 

05-MW-07 


G94-05-MW-04 


G94-05-MW-04 

05-MW-10-01 


G94-05-MW-07 


05-MW-10-01 

05-MW-10-01 


G94-05-MW-07 

G94-05-MW-05 


05-MW-04-03 


G94-05-MW-04 


05-MW-10 


G94-05-MW-04 

G94-05-MW-07 


05-MW-05 


G94-05-MW-04 

G94-05-MW-03 


G94-05-MW-11 

05-MW-05 

05-MW-04-03 


Chlorobenzene 

G94-05-MW-04 

Chloroethane 

G94-05-MW-05 

Chloromethane 


Dibenzofuran 

G94-05-MW-07 

Dibromomethane 

G94-05-MW-06 

Dieldrin 


05-MW-04 


G94-05-MW-06 


Result 
Year  (ppb) 


POL  Tank  Farm 


i  1994  1.75e+01 

1994  5.92e+01 


t  1994 


\__m^ 

1992  1.20e+03 


'  1994  4.15e+02 


1992 

1992 


'  1994  I  5.06e-02 
i  1994  4.62e+01 


1993  5.80e+01 


3.50e+02 


1994  4.07e-02 

1994  1.61e-01 


1994  4.10e+04 


1994  1.07e+04 

1994  4.65e+00 


2.30e-03 


1.4le+01 


1993  2.08e+01 


1.75e+01 


1.20e+00 


1994  2.22e+02 


5.93e+00 


2.20e-01 


1.69e-02 


Shoreline  Cone, 
(ppb) 


2.77e-05 


7.63e-02 


6.28e-43 


1.67e-42 


7.64e+01 


1.74e-42 


1.24e-02 


1.52e-02 


2.85e-03 


1.93e-43 


7.44e-22 


1.61e+01 


l.OOe-40 


1.89e-02 


4.48e-06 


6.81e+02 


2.96e-01 


5.22e-07 


2.46e-02 


1.32e+00 


1.05e-02 


1.04e-12 


1.92e-10 


1.43e-18 


1.91e-13 


5.63e-04 


River  Cone,  within 
5ft  mixing  zone  (ppb) 


2.06e-09 


l.lOe-05 


4.68e-47 


1.25e-46 


5.70e-03 


1.13e-06 


3.17e-07 


1.44e-47 


5.54e-26 


1.20e-03 


7.49e-45 


1.41e-06 


5.91e-08 


2.45e-08 


4.12e-06 


5.08e-02 


2.21e-05 


3.12e-08 


6.74e-08 


Endosulfan  I 

G94-05-MW-11 

3.60e-03 

8.93e-71 

6.66e-75 

Endosulfan  sulfate 

G94-05-MW-04 

2.74e-02 

1.75e-03 

1.30e-07 

Endrin 

G94-05-MW-05 

1994 

9.00e-04 

5.73e-05 

4.27e-09 

Endrin  aldehyde 

G94-05-MW-06 

1994 

1.40e-03 

8.92e-05 

6.65e-09 

Ethylbenzene 

05-MW40 

1994 

1.20e+03 

1.64e-01 

1.24e-05 
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Table  C-2 
(Continued) 


Analyte 

Location 

Year 

Result 

(ppb) 

Shoreline  Cone, 
(ppb) 

River  Conc«  within 
5ft  mixing  zone  (ppb) 

Fluorene 

G94-05-MW-07 

1994 

5.89e+00 

3.20e-06 

2.38e-10 

gamma-BHC 

G94-05-MW-07 

1994 

1.56e-01 

2.89e-05 

3.05e-08 

Heptachlor 

G94-05-MW-05 

1994 

1.25e-02 

8.79e-116 

2.03e-45 

Heptachlor  epoxide 

G94-05-MW-04 

1994 

1.24e-01 

2.22e-03 

1.95e-07 

Iron 

05-MW-05-03 

1993 

8.47e+04 

5.39e+03 

4.02e-01 

Lead 

05-MW-05-03 

1993 

1.64e+01 

1.04e+00 

1.44e-04 

Methylene  chloride 

05-MW-04 

1994 

3.98e+02 

3.45e-10 

2.57e-14 

Naphthalene 

G94-05-MW-05 

1994 

1.43e+02 

3.97e-02 

2.96e-06 

Phenanthrene 

G94-05-MW-07 

1994 

7.87e-01 

1.52e-03 

1.13e-07 

Phenol 

G94-05-MW-07 

1994 

3.02e+02 

1.74e-85 

1.30e-89 

Thallium 

05-MW-06-03 

1993 

7.98e+01 

5.08e+00 

3.79e-04 

Toluene 

05-MW-10 

2.10e+04 

2.69e-19 

3.51e-13 

Trichloroethene 

G94-05-MW-05 

4.50e+00 

1.23e-01 

9.16e-06 

Trichlorofluoromethane 

G94-05-MW-02 

1.90e-01 

1.73e-03 

1.29e-07 

Xylene  (total) 

05-MW-05-01 

1992 

2.70e+05 

3.48e+02 

2.59e-02 

1  Fire  Protection  Training  Area 

1,2-Dichloroethane 

G94-01-MW-01 

1994 

1.40e+00 

1.03e-01 

5.35e-06 

4,4'-DDT 

G94-01-MW-01 

1994 

8.00e-03 

2.04e-03 

1.05e-07 

alpha-BHC 

G94-01-MW-06 

1994 

8.10e-03 

3.92e-04 

2.03e-08 

Benzene 

Ol-MW-06 

1994 

2.24e+02 

7.98e-02 

4.12e-06 

beta-BHC 

G94-01-MW-01 

L44e-02 

6.02e-04 

3.11e-08 

Bromochloromethane 

Ol-MW-08-01 

L98e+01 

5.25e+00 

2.71e-04 

Chloromethane 

G94-01-MW-02 

1994 

4.45e-05 

2.30e-09 

Dibromomethane 

G94-01-MW-01 

1994 

1.61e-05 

8.30e-10 

Dieldrin 

G94-01-MW-08 

1994 

2.30e-03 

4.93e-04 

2.55e-08 

Ethylbenzene 

G94-01-MW-01 

l.OOe-Ol 

3.55e-03 

1.83e-07 

gamma-BHC 

Ol-MW-05-01 

WtlSSM 

5.48e-04 

2.83e-08 

Heptachlor 

G94-01-MW-07 

3.93e-41 

2.03e-45 

Heptachlor  epoxide 

G94-01-MW-06 

1994 

3.30e-03 

5.78e-04 

2.98e-08 

Lead 

Ol-MW-08-01 

1993 

4.80e+00 

1.27e+00 

6.58e-05 

Methoxychlor 

G94-01-MW-05 

1994 

5.25e-02 

3.96e-03 

2.05e-07 

Toluene 

G94-01-MW-06 

1994 

3.30e-01 

6.80e-09 

3.51e-13 

Xylene  (total) 

Ol-MW-01-03 

1993 

l.lOe+00 

8.13e-02 

4.20e-06 
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Table  C-2 
(Continued) 


Analyte 

Location 

Year 

Result 

(ppb) 

Shoreline  Cone, 
(ppb) 

River  Cone,  within 
Sft  mixing  zone  (ppb) 

1  West  Unit  (Building  1845) 

1 , 1 ,2-Trichloroethane 

G94-06-MW-01 

1994 

1.26e+00 

3.16e-02 

4.87e-07 

1,1-Dichloroethane 

G94-06-MW-01 

1994 

7.10e-01 

3.32e-03 

5.12e-08 

1,1-Dichloroethene 

G94-06-MW-01 

1994 

5.65e+00 

8.95e-05 

1.38e-09 

1 ,2-Dichloroethane 

G94-06-MW-07 

1994 

1.18e+00 

5.52e-03 

8.51e-08 

4,4'-DDD 

G94-06-MW-02 

1994 

9.10e-02 

1.05e-02 

1.61e-07 

4,4’-DDE 

G94-06-MW-02 

1994 

7.60e-03 

8.75e-04 

1.35e-08 

4,4'-DDT 

G94-06-MW-06 

1994 

1.70e-02 

1.96e-03 

3.02e-08 

4-Methyl-2-Pentanone(MIB  K) 

G94-06-MW-06 

1994 

5.57e+00 

L34e-37 

2.06e-42 

Aldrin 

G94-06-MW-06 

1994 

6.13e-02 

2.87e-03 

4.43e-08 

alpha-BHC 

G94-06-MW-06 

1994 

4.41e-02 

6.89e-05 

1.06e-09 

Arsenic 

06-MW-07-01 

1993 

L32e+01 

1.69e+00 

2.60e-05 

Benzene 

G94-06-MW-01 

1994 

6.40e-01 

2.98e-09 

4.58e-14 

beta-BHC 

G94-06-MW-06 

1994 

2.84e-01 

3.05e-04 

4.69e-09 

bis(2-Ethylhexyl)phthalate 

G94-06-MW-02 

^^9 

1.36e-02 

2.09e-07 

Bromochloromethane 

06-MW-01-03 

BBBB8W 

2.73e+02 

4.20e-03 

Cadmium 

06-MW-07-01 

1993 

BIBBIWB 

1.08e+00 

1.66e-05 

Chloroform 

G94-06-MW-01 

^^9 

L30e-01 

2.00e-06 

Chloromethane 

G94-06-MW-07 

BBBBiW 

4.05e-ll 

6.24e-16 

cis- 1 ,2-Dichloroethene 

G94-06-MW-01 

2.60e+03 

3.33e+02 

5.13e-03 

Dieldrin 

G94-06-MW-06 

BESEB 

3.44e-02 

2.54e-03 

3.91e-08 

Endosulfan  sulfate 

G94-06-MW-02 

1994 

1.40e-03 

1.79e-04 

2.76e-09 

Endrin  aldehyde 

G94-06-MW-06 

1994 

4.58e-02 

5.86e-03 

9.03e-08 

Ethylbenzene 

G94-06-MW-06 

1994 

6.00e-02 

4.19e-05 

6.46e-10 

gamma-BHC 

G94-06-MW-06 

1994 

l.lle-01 

l.OOe-04 

1.54e-09 

Heptachlor 

G94-06-MW-06 

2.62e-98 

4.04e-103 

Heptachlor  epoxide 

G94-06-MW-06 

KISRB 

1.12e-03 

1.73e-08 

Lead 

06-MW-01-03 

1993 

9.50e+00 

1.22e+00 

1.87e-05 

Phenanthrene 

06-MW-06-01 

1992 

6.90e-01 

4.55e-03 

7.01e-08 

Sodium 

06-MW-01-03 

1993 

3.68e+04 

4.71e+03 

7.25e-02 

Tetrachloroethene 

G94-06-MW-06 

1994 

3.30e-01 

8.10e-03 

1.25e-07 

trans- 1 ,2-Dichloroethene 

G94-06-MW-01 

1994 

1.85e+02 

2.37e+01 

3.65e-04 

Trichloroethene 

G94-06-MW-01 

1994 

7.55e+03 

4.71e+02 

7.26e-03 

Trichlorofluoromethane 

G94-06-MW-01 

1994 

l.lOe-01 

2.70e-03 

4.16e-08 
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Table  C-2 
(Continued) 


Analyte 

Location 

Year 

Result 

(ppb) 

Shoreline  Cone, 
(ppb) 

River  Cone,  within  : 
5ft  mixing  zone  (ppb) 

Vinyl  Chloride 

G94-06-MW-01 

1994 

7.60e-01 

6.43e-02 

9.91e-07 

1  West  Unit  (JP-4  Fillstands)  || 

1,1-Dichloroethane 

G94-10-MW-03 

1994 

2.80e-01 

1.31e-03 

2.44e-08 

1,2-Dichloroethane 

G94-10-MW-01 

1994 

4.30e-01 

2.01e-03 

3.75e-08 

2~Methylnaphthalene 

lO-MW-02-03 

1993 

6.81e+00 

8.72e-01 

1.62e-05 

2-Methylphenol(o-cresol) 

lO-MW-02-02 

1992 

3.30e+00 

7.92e-38 

1.48e-42 

4,4’-DDD 

lO-MW-01-02 

1992 

2.70e-02 

3.11e-03 

5.79e-08 

4,4'-DDT 

G94-10-MW-03 

1994 

9.70e-03 

1.12e-03 

2.08e-08 

4-Methylphenol(p-cresol) 

lO-MW-02-02 

1992 

6.17e-19 

1.15e-23 

Aldrin 

lO-MW-02-02 

1992 

7.50e-04 

1.40e-08 

alpha-BHC 

lO-MW-03-02 

1992 

2.20e-02 

3.44e-05 

6.41e-10 

Arsenic 

10-MW*02-03 

1993 

5.40e+00 

l.Ole-04 

Barium 

lO-MW-02-03 

1993 

1.12e+02 

2.09e-03 

Benzene 

lO-MW-03 

1994 

8.29e+01 

3.85e-07 

7.18e-12 

Benzoic  acid 

lO-MW-02-03 

1993 

3.27e+00 

4.18e-01 

7.80e-06 

beta-BHC 

lO-MW-03-02 

1992 

4.30e-02 

4.61e-05 

8.59e-10 

bis(2-Ethylhexyl)phthalate 

G94-10-MW-03 

1994 

1.80e+00 

1.09e-02 

2.03e-07 

Bromochloromethane 

lO-MW-04-01 

1993 

1.96e+01 

2.51e+00 

4.67e-05 

cis- 1 ,2-Dichloroethene 

G94-10-MW-01 

1994 

1.22e+00 

1.56e-01 

2.91e-06 

Endosulfan  I 

lO-MW-02-02 

1992 

2.70e-03 

1.03e-60 

1.92e-65 

Endrin  aldehyde 

lO-MW-02-02 

1992 

l.OOe-02 

2.38e-08 

Ethylbenzene 

G94-10-MW-03 

1994 

5.00e-01 

3.49e-04 

6.51e-09 

gamma-BHC 

lO-MW-02-03 

1993 

1.91e-02 

1.73e-05 

3.22e-10 

Heptachlor 

lO-MW-02-02 

1992 

4.30e-03 

2.42e-99 

4.50e-104 

Heptachlor  epoxide 

10-MW>02-03 

1993 

5.10e-03 

2.22e-04 

4.14e-09 

Iron 

lO-MW-02-02 

1992 

1.92e+04 

3.58e-01 

Lead 

BBIiliBl 

1.14e+00 

2.12e-05 

Naphthalene 

lO-MW-02-03 

1993 

1.45e+01 

1.85e-02 

3.44e-07 

Phenol 

lO-MW-02-03 

1993 

5.66e+00 

3.94e-74 

7.34e-79 

Selenium 

lO-MW-03-03 

1993 

6.46e+00 

8.27e-01 

1.54e-05 

Sodium 

lO-MW-01-03 

1993 

3.12e+04 

3.99e+03 

7.44e-02 

Toluene 

G94-10-MW-01 

1994 

5.00e-02 

2.37e-21 

4.42e-26 

Trichloroethene 

G94-10-MW-01 

1994 

1.51e+00 

9.42e-02 

1.76e-06 

Xylene  (total) 

lO-MW-02-03 

1993 

4.03e+02 

1.89e+00 

3.52e-05 
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Table  C-2 
(Continued) 


Analyte 

Location 

Year 

Result 

(ppb) 

Shoreline  Cone, 
(ppb) 

River  Cone,  within 
5ft  mixing  zone  (ppb) 

1  West  Unit  (Million  Gallon  Hill)  | 

1,1-Dichloroethane 

G94-09-MW-02 

1994 

2.10e-01 

9.83e-04 

8.17e-08 

1,1-Dichloroethene 

G94-09-MW-01 

1994 

7.00e-02 

l.lle-06 

3.48e-09 

1 ,2-Dichloroethane 

G94-06-MW-04 

1994 

7.00e-01 

3.28e-03 

1.13e-05 

2~Butanone  (MEK) 

G94-09-MW-08 

1994 

3.36e+02 

8.06e-36 

2.50e-40 

2-Methylnaphthalene 

G94-09-MW-12 

4.74e+03 

6.07e+02 

2.46e-02 

2-Methylphenol(o-cresol) 

G94-06-MW-04 

1.79e+00 

4.29e-38 

2.55e-42 

4,4'-DDD 

G94-09-MW-12 

1994 

5.52e-01 

6.36e-02 

3.06e-06 

4,4'-DDE 

G94-09-MW-12 

1994 

9.11e-03 

1.43e-06 

4,4‘-DDT 

G94-09-MW-06 

1994 

2.99e-03 

4.86e-07 

4>Methylphenol/3-Methylphenol 

G94-06-MW-04 

1994 

4.63e-01 

L21e-03 

Acenaphthene 

G94-09-MW-12 

1994 

BSfWWB 

1.49e-02 

4.64e-07 

Acetone 

G94-09-MW-08 

1994 

7.56e+02 

L81e-35 

5.63e-40 

Aldrin 

G94-09-MW-12 

1994 

8.10e-03 

3.80e-04 

1.15e-07 

alpha-BHC 

G94-09-MW-08 

1994 

1.05e-01 

1.64e-04 

3.12e-08 

Barium 

09-MW-06-03 

1993 

9.29e+01 

1.19e+01 

3.14e>03 

Benzene 

09-MW-12 

1994 

3.38e+03 

1.57e-05 

9.78e-06 

beta-BHC 

09-MW-i2-01 

1.50e-01 

L61e-04 

4.17e-08 

bis(2“Ethylhexyl)phthalate 

G94-09-MW-05 

BESB 

4.18e+00 

2.53e-02 

Bromochloromethane 

09-MW-01-03 

1993 

1.97e+01 

2.52e+00 

4.69e-03 

Chloroethane 

G94-06-MW-04 

1994 

2.50e-01 

L91e-ll 

6.71e-16 

Chloromethane 

09-MW-08 

1994 

4.80e+01 

3.67e-09 

2.30e-09 

cis- 1 ,2-Dichloroethene 

G94-09-MW-01 

1994 

2.80e+01 

3.58e+00 

5.24e-03 

Dibenzofuran 

G94-09-MW-12 

1994 

2.77e+01 

5.69e-15 

L77e-19 

Dibromomethane 

G94-09-MW-08 

1994 

6.00e+01 

4.59e-09 

8.30e-10 

Dieldrin 

G94-09-MW-06 

1994 

l.Ole-03 

1.50e-07 

Endosulfan  sulfate 

G94-09-MW-15 

1994 

l.Ole-03 

L65e-07 

Endrin  aldehyde 

G94-09-MW-02 

1994 

2.20e-03 

2.82e-04 

1.08e-07 

Ethylbenzene 

G94-09-MW-12 

1994 

3.61e+02 

2.52e-01 

2.03e-05 

Fluorene 

G94-09-MW-12 

1994 

9.19e+01 

5.87e-04 

1.85e-08 

gamma-BHC 

G94-06-MW-04 

1994 

5.11e-02 

4.62e-05 

3.43e-08 

Heptachlor 

G94-09-MW-06 

1994 

5.00e-04 

2.81e-100 

2.03e-45 

Heptachlor  epoxide 

G94-.09-MW>06 

1994 

1.61e-02 

7.02e>04 

2.34e-07 

Iron 

09-MW-08-01 

1992 

1.30e+05 

1.66e+04 

1.22e+00 

Lead 

09-MW-10>01 

1992 

2.00e+01 

2.56e+00 

2.85e-04 

Methylene  chloride 

09-MW-08 

1994 

4.59e-09 

1.68e-13 

Naphthalene 

09-MW-12 

1994 

BBBBB 

3.27e+00 

L05e-04 

CA3 
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Dieldrin _ 

Endosulfan  sulfate 


Endrin  aldehyde 


gamma-BHC _ 

Heptachlor 


Iron 


Lead 


Magnesium 


Manganese 


Methoxychlor 

Nickel 


Table  C-2 
(Continued) 


Analyte 

Location 

Year 

Result 

(ppb) 

Shoreline  Cone, 
(ppb) 

River  Conc«  within 
5ft  mixing  zone  (ppb) 

Phenanthrene 

G94-09-MW-12 

1994 

3.84e+01 

2,53e-01 

8.05e-06 

Phenol 

G94-09-MW-12 

1994 

L36e+02 

9.46e-73 

3.00e-77 

Toluene 

09-MW-12 

1994 

l,29e+03 

6.12e-17 

3.51e-13 

trans- 1 ,2-Dichloroethene 

G94-09-MW-01 

1994 

3.32e+00 

4.25e-01 

3.78e-04 

Trichloroethene 

06-MW-04 

1994 

L23e+01 

7.68e-01 

7.29e-03 

Vinyl  Chloride 

G94-09-MW-01 

1994 

1.30e-0l 

l.lOe-02 

1.36e-06 

Xylene  (total) 

09-MW-10-01 

1992 

9.90e+03 

4.63e+01 

2.74e-02 

West  Unit  (Waste  Accumulation  area  and  Power  Plant)  || 

1 ,2-Dichloroethane 

G94-06-MW-05 

1994 

1.18e+00 

5.52e-03 

1.12e-05 

4,4’-DDT 

11-MW-Ol-Ol 

1992 

2.10e-02 

2.42e-03 

3.93e-07 

alpha-BHC 

06-MW-03-03 

1993 

1.73e-02 

2.70e-05 

2.61e-08 

Arsenic 

ll-MW-02-01 

1992 

5.00e+00 

6.40e-01 

9.51e-05 

Barium 

ll-MW-02-01 

1992 

4.40e+02 

5.63e+01 

2.77e-03 

Benzene 

G94-06-MW-05 

1994 

3.90e-01 

1.81e-09 

9.78e-06 

Benzoic  acid 

ll-MW-02-01 

1992 

4.00e+00 

5.12e-01 

5.08e-02 

beta-BHC 

ll-MW-02-01 

1992 

4.40e-02 

4.72e-05 

3.67e-08 

bis(2“Ethylhexyl)phthalate 

G94-06-MW-05 

1994 

1.51e+00 

9.14e-03 

2.21e-06 

Bromochloromethane 

06-MW-03-03 

1993 

1.83e+01 

2.34e+00 

4.61e-03 

Calcium 

11-MW-Ol-Ol 

1992 

2.60e+05 

3.33e+04 

6.20e-01 

Chloromethane 

G94-06-MW-05 

1994 

6.80e-01 

5.20e-ll 

230e-09 

cis- 1 ,2-Dichloroethene 

G94-06-MW-03 

1994 

1.13e+00 

1.45e-01 

5.13e-03 

Cobalt 

ll-MW-02-01 

1992 

3.20e+01 

4.10e+00 

7.63e-05 

ll-MW-02-01 


3.60e-02 


2.20e-01 


G94-06-MW-05  1994  9.10e-03 


G94-06-MW-03  1994 


G94-06-MW-05  1994 


ll-MW-02-01  1992 

G94-06-MW-05  1994 


ll-MW-02-01 


ll-MW-02-01  1992 


11-MW-Ol-Ol  1992 


ll-MW-02-01  1992 


2.00e-04 


l.lOe-03 


1992  4.90e-02 


1.20e-05 


1.68e-ll 


6.72e-04 


2.56e-05 


1.41e-04 


2.50e-03 


1992  2.60e+03 


1992  1.80e+01 


1992  4.30e+04 


1992  3.00e+04 


G94-06-MW-05  1994  3.58e-02 


ll-MW-02-01 


1992  4.20e+01 


3.33e+02 


2.30e+00 


5.50e+03 


3.84e+03 


1 .766-04 
5.38e+00 


2.24e-10 


8.30e-10 


1.19e-07 


1.33e-07 


9.96e-08 


3.29e-08 


2.03e-45 


7.04e-01 


2.05e-04 


1.03e-01 


7.15e-02 


2.08e-07 

l.OOe-04 
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Table  C-2 
(Continued) 


Analyte 

Location 

Year 

Result 

(ppb) 

Shoreline  Cone, 
(ppb) 

River  Cone,  within 
5ft  mixing  zone  (ppb) 

Potassium 

11-MW-Ol-Ol 

1992 

5.90e+03 

7.55e+02 

0.0141 

Selenium 

ll-MW-Ol-Ol 

1992 

7.00e+00 

8.96e-01 

2.94e-05 

Sodium 

G94-06-MW-05 

1994 

4.21e+04 

5.39e+03 

1.73e-01 

Vinyl  Chloride 

G94-06-MW-03 

1994 

2.00e-02 

1.69e-03 

1.02e-06 

Zinc 

G94-06-MW-05 

1994 

4.83e+01 

6.18e+00 

1.15e-04 
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D.l  INTRODUCTION 

Emission  rates  of  chemical  compounds  due  to  volatilization  and  wind  entrainment 
of  contaminated  dust  were  estimated  using  predictive  equations  recommended  by  the  USEPA. 
The  emission  rates  were  then  input  into  a  USEPA-approved  computer  dispersion  model  to 
estimate  chemical  concentrations  in  the  atmosphere  at  identified  receptor  locations. 

D.2  EMISSION  ESTIMATES 

Emission  rates  of  chemicals  of  potential  concern  (COPCs)  in  the  contaminated 
areas  of  the  various  sites  were  calculated  using  emission  rate  equations  applicable  to  various 
emission  mechanisms.  The  various  types  of  mechanisms  that  were  considered  include: 

•  Volatilization  of  compounds  from  soil  contamination(surface  soil  samples 
collected  from  the  top  two  feet  of  soil)  ; 

•  Volatilization  of  compounds  from  subsurface  soil  (contamination  below 
two  feet); 

•  Wind  entrainment  of  contaminated  surface  soil;  and 

•  Emissions  from  construction-related  activities. 

A  chemical  was  evaluated  for  volatilization  emissions  if  the  following  analytical 
methods  were  used  during  the  sampling  analysis  -  SW8010,  SW8020,  SW8240,  and  SW8260. 
All  other  chemicals  were  evaluated  for  entrained  dust  emission  mechanisms  only. 

The  various  sites  in  the  scope  of  this  analysis  include  the  POL  Area,  Fire 
Protection  and  Training  Area,  and  West  Unit  Area.  The  West  Unit  area  was  further  broken  into 
Building  1700  Area,  Building  1845  Area,  Power  Plant  Area,  JP-4  Fillstands  Area,  Waste 
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Accumulation  Area,  and  Million  Gallon  Hill  Area.  These  areas  were  divided  on  the  basis  of 
homogenous  emission  characteristics  (e.g.,  COPC  concentrations,  depth  of  contamination,  soil 
type,  and  geographic  proximity). 

Each  of  the  emission  mechanisms  and  the  equations  used  to  calculate  emission 
rates  are  discussed  below. 

D.2.1  Volatilization  from  Surface  Contamination 


Emission  from  areas  where  the  contamination  is  present  in  the  soil  surface  (top  0  - 
1  feet)  were  estimated  using  the  Thibodeaux  and  Hwang  model  (USEPA,  1993c)  as  shown 
below: 


where: 

ER 

D 

C. 

10'' 

Id 

t 


ER  = 


2D  Cj  SA  10^ 


Id  + 


2  D  Cj  t 


2 


average  emission  rate  flux  of  compound  I  over  time  [g/sec/m2]; 

phase  transfer  coefficient  [cm^/sec]; 

liquid-phase  concentration  of  I  in  soil  [g/cm^]; 

conversion  factor  [cmVm^]; 

depth  of  dry  zone  at  sampling  time  [cm]  =  1  ;  and 

time  since  sampling  occurred  [sec]  =  10  Months  (it  was  assumed 
that  all  sampling  activity  ended  in  9/94). 
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The  phase  transfer  coefficient  (D)  is  calculated  as  follows: 


D  = 


4 

D.  eJ  H 
R  T 


where: 

Da  = 

diffusion  coefficient  of  compound  I  in  air  [cmVsec]; 

Ea  = 

total  soil  porosity  [unitless]; 

H 

Henry's  Law  constant  of  compound  I  [atm-mVmol]; 

R 

ideal  gas  constant,  equal  to  8.2  x  10'^  [atm-mVmol-°K];  and 

T 

absolute  temperature  [°K].  The  average  annual  temperature  at 
Galena  was  assumed  to  be  9.44 °C. 

Table  D-1  presents  the  chemical  specific  constants  and  Table  D-2  presents  the  site 
specific  characteristics. 

D.2.2  Volatilization  from  Subsurface  Contamination 


Emissions  of  volatile  contaminants  from  subsurface  soils  were  estimated. 
Subsurface  soils  are  defined  as  being  greater  than  two  feet  below  ground  level.  The  subsurface 
soil  volatile  contaminant  emission  rates  were  estimated  using  Farmer's  equation  as  presented  in  a 
USEPA  Superfund  guidance  document  (USEPA,  1993c): 


ER 


D,  C„  E^^  .  10-*2 

a  g  a  mol 

0.01  L 
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Table  D-1 

Chemical  Properties  of  COPCs 


CAS  No 

Chemical  Name 

Molecular  Weight 

Vapor  Pressure 
(mm  -  Hg) 

Dififusivify 

(cmVsec) 

Henry's  Law 

(atm-mVmol) 

591-78-6 

2-Hexanone 

100 

1.15 

0.6 

* 

71-43-2 

Benzene 

78.12 

42.06 

0.55 

ISiSiHH 

1 . 1 .2.2-Tetrachloroethane 

167.85 

6.5 

*Henry’s  Law  constant  is  used  to  calculate  the  phase  transfer  coefficient.  Since  a  value  for  2-hexanone  could  not  be 
found,  the  default  phase  transfer  coefficient  value  of  0. 15  cm^  /  sec  was  used  (as  per  USEPA  Superfund  guidance 
document  (USEPA,  1993c)). 


Table  D-2 

Site  SpeciHc  Properties 


Site 

Erodibility 

(unitless) 

Silt  Content 

(%); 

Moisture  Content 

Building  1700 

90 

1.11 

0.1232 

Building  1845 

90 

1.11 

0.1232 

Building  1850 

90 

1.11 

0.1232 

Fire  Training  Area 

205 

25.65 

0.1189 

rP-4  Fill  Stands 

90 

1.11 

0.1232 

Million  Gallon  Hill 

90 

1.11 

0.1232 

POL  Area 

90 

1.11 

0.1395 

Power  Plant 

47.5 

2.2 

0.1232 

Waste  Accumulation  Area 

90 

1.11 

0.1232 
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where: 

ER 

= 

emission  rate  flux  of  compound  I  [g/sec/m2]; 

Da 

= 

diffusivity  of  compound  in  air  [cm^/sec]; 

= 

saturation  vapor  concentration  of  compound  I  [pg/m^]; 

Ea 

= 

air-filled  soil  porosity  [unitless]; 

^mol 

= 

mole  fraction  of  compound  I  in  the  waste  [mol/mol]; 

10-'^ 

= 

conversion  factor  [g/cm^  /  pg/m^J; 

0.01 

= 

conversion  factor  [m/cmj;  and 

L 

= 

depth  of  soil  cover  [m]  =  1.0,  as  per  USEPA  Superfund  guidance 
document  (USEPA,  1993c) 

The  saturation  vapor  concentration  term,  Cg,  is  calculated  as  follows; 

„  ^  P  MW  10^^ 

®  (R  T) 


where: 

P 

vapor  pressure  of  compound  I  [mm  Hg]; 

MW  = 

molecular  weight  of  compound  I  [g/mol]; 

10"  = 

conversion  factor  [pg/g  *  cmVm^]; 

R 

ideal  gas  constant  62,361  [nun  Hg-cmVmol-°K];  and 

T 

absolute  temperature  [°K].  The  average  annual  temperature  at 
Galena  was  assumed  to  be  9.44  °C. 
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Since  there  were  insufficient  data  to  characterize  the  contents  of  the  waste  in  the  soil  to 
determine  mole  fractions  of  individual  chemicals  in  the  waste,  the  mole  fraction  was  assumed  to 
be  the  weight  fraction  of  the  contaminant  detected  in  the  soil. 


The  air  filled  soil  porosity,  E^,  can  be  calculated  as  follows: 


p  (P)  M 

p 


where: 

P  =  bulk  density  of  soil  [g/cm^]  =  1.5; 

Xh2°  =  moisture  fraction  in  soil  [wt.  %  moisture/ 100];  and 

p  =  particle  density  of  soil  [g/cm^]  =  2.65. 


The  values  for  soil  bulk  density  and  particle  density  are  defaults  recommended  in  USEPA 
Superfund  guidance  document  (USEPA,  1993c). 

D.2.3  Wind  Blown  Dust 

Contaminants  can  enter  the  atmosphere  due  to  wind  entrainment  of  contaminated 
surfaee  soil.  Wind  erosion  was  assumed  to  occur  only  from  areas  that  are  not  paved.  The 
presence  of  vegetation,  which  would  serve  to  minimize  dust  emissions,  was  not  considered. 

The  wind-blown  dust  equation  (Bohn  et  al,  1978),  presented  below,  was  used  to 
calculate  the  total  dust  emissions. 
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3400 


e  s  f 
50  ^  T?  ^  ^ 


P-E 

50 


where: 

E 

emission  rate  (Ib/acre-yr); 

e  = 

surface  erodability  (unitless); 

s  = 

silt  content  (%); 

f 

percentage  of  time  wind  exceeds  12  mph  =  8.5;  and 

P-E  = 

Thomwaite's  Precipitation-Evaporation  Index  (unitless)  =  45.07  for  the 
Galena  area. 

The  emission  rate  of  each  nonvolatile  chemical  was  calculated  by  multiplying  the  dust  emission 
rate  by  the  measured  concentration  of  the  chemical  in  the  surface  soil  (0-2  feet). 

The  surface  erodability  was  determined  for  the  site  and  is  defined  as  the 
percentage  of  soil  particles  not  passing  a  No.  10  sieve.  The  silt  content  was  based  on  the 
percentage  of  soil  particles  passing  a  No.  200  sieve.  The  surface  erobility  and  silt  content  was 
estimated  from  site  specific  data. 

D.2.4  Emissions  from  Construction-Related  Activities 


Constmction  activity  was  assumed  to  involve  excavation.  Thus,  emissions  were 
estimated  from  the  higher  of  the  surface  and  subsurface  soil  sampling  results  for  normal  emission 
mechanisms  as  described  above  for  volatilization  from  surface  contamination  (Section  D.2.1) 
and  for  dust  (Section  D.2.3).  Additionally,  emission  factors  for  heavy  construction  activities 
were  used.  The  emission  factor  is  based  on  field  measurements  of  suspended  dust  emissions 
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from  apartment  and  shopping  center  constmction  projects.  The  factor  is  1 .2  tons/acre  per  month 
of  heavy  construction  activity  (Section  1 1.2.4,  AP-42,  U.S.  EPA,  1985).  Note  again  that  it  is 
assumed  that  all  contaminated  subsurface  soil  will  be  exposed  to  the  surface  and  equations  for 
emissions  from  surface  contamination  were  used. 

D.2.5  Emissions  from  Contaminated  Groundwater 


The  concentrations  of  volatile  compounds  detected  in  the  groundwater  are  in  the 
ppm  range.  The  volatilization  rate  is  very  low  at  these  concentration  levels.  Additionally  the 
average  depth  at  which  groundwater  is  found  at  Galena  is  10  feet.  Hence  emissions,  due  to 
contaminated  groundwater,  will  have  to  traverse  a  soil  buffer  of  10  feet  before  they  reach  the 
atmosphere  and  will  be  relatively  insignificant  compared  to  emissions  due  to  other  mechanisms. 

Table  D-3  lists  the  highest  representative  concentration  (the  lower  of  the 
maximum  detected  concentration  or  the  95%  Upper  Confidence  Limit  on  the  mean)  for  the  five 
Galena  sites  that  are  the  subject  of  this  baseline  risk  assessment.  Note  that  the  Southeast  Runway 
Fuel  Spill  site  and  the  Control  Tower  Dram  Storage  Area,  South  are  addressed  in  the  Volume  4 
Addendum.  This  table  also  lists  the  draft  USEPA  soil  screening  levels  for  transfers  from  soil  to 
air.  Although  specific  to  soil  rather  than  groundwater,  these  soil  screening  levels  provide  a 
mechanism  for  evaluating  the  potential  significance  of  groundwater  concentrations.  The  soil 
screening  levels  apply  to  emissions  from  surface  soils  and  are  protective  of  residential  exposures. 

Almost  all  groundwater  concentrations  are  well  below  the  chemical-specific  soil 
screening  level  for  transfers  from  soil  to  air,  indicating  that  emissions  from  groundwater,  which 
must  traverse  a  soil  buffer  before  reaching  the  air,  are  not  likely  to  be  a  cause  for  concern. 
Concentrations  of  only  two  chemicals  exceed  the  soil  screening  level:  benzene  at  the  POL  Tank 
Farm  and  at  Million  Gallon  Hill  in  the  West  Unit  and  trichloroethene  at  Bldg.  1845  in  the  West 
Unit.  Benzene  emissions  to  the  air  were  estimated  based  on  much  higher  soil  concentrations  and 
the  relative  contribution  of  emissions  from  groundwater  is  minimal  by  comparison. 
Trichloroethene  concentrations  exceed  the  soil  screening  level  by  a  factor  of  only  2.5;  given  the 
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Table  D-3 

VOCs  Detected  in  Groundwater  (mg/L) 


Chemicals 

Groundwater  Concentration  (ppm)’ 

Soil  Screening 
Level  for 
Transfer  from 
Soil  to  Air** 
ppm 

Fire 

Protection 

Training 

Area 

POL 

Tank 

Farm 

West 

Unit' 

Southeast 
Runway  Fuel 
Spill  Area 

Control 
Tower  Drum 
Storage 
Area 

Acetone 

— 

0.14 

0.25 

— 

— 

62000 

Benzene 

0.22 

19^ 

mm 

0.058 

— 

0.5 

Bromochloromethane 

0.020 

0.019 

2.1** 

— 

— 

— ® 

Chlorobenzene 

— 

0.014 

1 

1 

1 

— 

— 

94 

Chloroform 

— 

1 

1 

1 

0.0020*' 

0.000037 

— 

0.2 

Chloromethane 

0.00051 

0.026 

0.015 

0.010 

— 

0.063 

Dibromomethane 

0.00021 

0.00016 

0.019 

— 

0.00021 

_ e 

1,2-Dichloroethane 

0.0013 

0.022 

0.00  n** 

0.0039 

0.0064 

0.3 

1,1-Dichloroethene 

— 

0.013 

o.oos?** 

— 

— 

0.04 

1 ,2-Dichloroethene(cis) 

— 

— 

— 

0.023 

1500 

1 ,2-Dichloroethene(trans) 

— 

— 

0.19** 

— 

— 

3600 

Ethylbenzene 

— 

0.46 

0.12 

— 

— 

260 

Methylene  chloride 

— 

0.12 

0.020 

— 

— 

7 

Tetrachloroethene 

— 

— 

0.00032** 

— 

— 

11 

Toluene 

— 

10 

0.37 

— 

— 

520 

1 , 1 ,2-Trichloroethane 

— 

— 

0.0013 

— 

— 

0.8 

Trichloroethene 

— 

0.0034 

7.6** 

0.00021 

0.0093 

3 

Vinyl  chloride 

— 

— 

0.00074** 

— 

— 

0.002 

Xylene 

— 

38 

1.9 

... 

320 

^Highest  representative  concentration  (the  lower  of  the  maximum  detected  concentration  or  the  95%  Upper  Confidence  Limit  on  the 
mean). 

^’Draft  USEPA  soil  screening  level,  as  listed  in  USEPA  Region  III  Risk-Based  Concentration  Table  (October  20,  1995). 

^Highest  representative  concentration  in  West  Unit  listed.  Unless  otherwise  noted,  highest  concentrations  were  detected  in  groundwater 
at  the  Million  Gallon  Hill  source  area. 

^Listed  concentration  from  the  Bldg.  1845  source  area. 

^Toxicity  values  not  available  for  derivation  of  screening  level. 

Emissions  to  the  air  were  estimated  based  on  much  higher  soil  concentrations  (POL:  340  ppm.  West  Unit:  68  ppm). 


ote:  Values  in  bold  print  exceed  the  soil  screening  level  for  transfer  from  soil  to  air. 
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soil  buffer  and  the  industrial  (non-residential)  land  use  in  the  West  Unit,  these  concentrations  are 
not  likely  to  be  a  cuase  for  concern. 

This  issue  was  discussed  at  the  comment  resolution  meeting  held  to  discuss  and 
resolve  ADEC  comments  on  the  draft  BRA  report,  and  ADEC  agreed  that  it  was  not  necessary  to 
estimate  VOC  emissions  from  groundwater  (USAF,  1996). 

D.2.6  Emission  Rate  Summary 

Table  D-4  presents  the  emissions  rate  fluxes  from  the  various  emission 
mechanisms  described  for  each  site  of  interest  at  Galena.  Table  D-5  presents  the  emissions  rate 
fluxes  for  the  construction  worker  scenario. 

D.3  MODELING  METHODOLOGY 

The  air  dispersion  modeling  was  performed  in  accordance  with  the  guidance 
provided  in  the  EPA  document.  Guideline  on  Air  Quality  Models  (Revised),  September  1990. 

The  draft  version  of  ISCST2  was  used  to  determine  contaminant  transport  in  the  ambient  air. 

The  draft  version  incorporates  new  area  source  algorithms  that  allow  concentrations  to  be 
computed  for  receptors  that  are  with  in  the  region  of  the  area  source  that  is  being  modeled.  Three 
scenarios  were  modeled  general  exposure,  year  round  onsite  worker,  and  construction  worker 
exposures.  All  modeling  was  performed  using  unit  emissions  rates. 

Each  area  of  contamination  was  represented  by  a  group  of  area  sources.  The  size 
and  location  of  the  area  sources  are  illustrated  in  Figures  D-1  and  D-2.  The  maximum  impacts 
for  normal  exposures  were  determined  from  each  of  the  contamination  areas  (west  unit,  POL, 
and  FTPA)  and  from  all  the  areas  as  a  group.  For  the  year  round  onsite  worker  the  maximum 
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impact  on  top  of  each  area  due  to  the  emissions  from  each  area  were  determined.  The 
meteorological  period  for  normal  and  on-base  worker  exposures  was  limited  to  April  1  through 
October  31.  There  are  no  emissions  during  the  remaining  5  months  of  the  year  since  the  ground 
is  frozen.  For  the  construction  worker  exposures  the  maximum  average  8-hour  concentration 
over  either  a  three  month  (6/1-8/31)  or  six  month  (4/1-9/30)  period  was  determined.  This  was 
done  by  determining  the  8-hour  average  concentrations  for  the  hours  of  8  AM  to  4  PM  for  each 
day  and  then  averaging  these  concentrations  for  either  three  months  or  six  months  at  each 
receptor.  The  maximum  averaged  concentration  on  top  of  each  area  due  to  the  emissions  from 
each  area  was  then  chosen. 

For  input  to  ISCST2  draft,  the  1991  pre-processed  data  compiled  from  the 
McGrath,  Alaska  surface  observations,  and  mixing  heights  from  the  Fairbanks,  AK,  NWS 
surface  and  upper  air  observations  were  used.  This  is  the  most  recently  available  data  on  the 
EPA  SCRAM  bulletin  board.  The  location  of  all  the  receptors  are  illustrated  in  Figures  D-3  to 
D-6.  A  file  of  the  receptor  locations  and  classifications  is  provide  along  with  the  model  input 
and  output  files  on  the  enclosed  diskettes. 

D.4  MODELING  RESULTS 

The  results  for  the  general  exposure,  year  round  on-base  worker,  and  3-month  and 
6-month  construction  worker  exposures  are  provided  in  Tables  D-6  through  D-9,  respectively. 
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Figure  D-3.  On-Base  Residential  and  Worker  Receptors 


Appendix  D — ^Air  Modeling 
Baseline  Risk  Assessment 


Galena  Airport 


March  1996 


D-22 


Figure  D-4.  Fire  Protection  Training  Area  Receptors 
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Figure  D-5.  Off-Site  Receptors 
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Figure  D-6.  Old  Town  Receptors 
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Table  D-6 

Maximum  Predicted  Concentrations  for  General  Exposure  Scenario 


Building  1700' 


Building  1700 


Building  1700 


Building  1700 


Building  1700 


Building  1700 


Building  1700 


Building  1700 


Building  1700 


Building  1700 


Building  1700 


Building  1700 


Building  1700 


Building  1700 


Building  1700 


Building  1700 


Building  1700 


Building  1700 


Building  1700 


Building  1700 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 
Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Chemical 


2-Methylnaphthalene 


2-Methvlnaphthalene 


2-Methylnaphthalene 


2-Methylnaphthalene 


2-Methylnaphthalene 


Arsenic _ 

Arsenic 


Arsenic _ 

Arsenic 


Arsenic 


Benzene 


Benzene 


Benzene 


Benzene 


Benzene 


2-Hexanone 


2-Hexanone 

2-Hexanone 


2-Hexanone 


2-Hexanone 


4,4’-DDT 


4,4^-DDT 

4,4'-DDT 


4,4'-DDT 

4,4’-DDT 


Acenaphthylene 


Acenaphthylene 


Acenaphthylene 


Acenaphthylene 


Acenaphthylene 


Dormito 


Off-Site 


New  Town 


Old  Town 


Residential 


Dormito 


Off-Site 


New  Town 


Old  Town 


Residential 


Dormito 


Off-Site 


New  Town 


Old  Town 


Residential 


Dormito 


Off-Site 


New  Town 


Old  Town 


Residential 


Dormito 


Off-Site 


New  Town 


Old  Town 


Residential 


Dormito 


Off-Site 


New  Town 


Old  Town 


Residential 


Dormito 


Off-Site 


New  Town 


Old  Town 


Residential 


Dormito 


Off-Site 


New  Town 


Maximum  Predicted 
Concentration  (ug/m^) 


2.17e-10 


6.39e-ll 


2.61e-12 


3.05e-ll 


3.32e-10 


3.98e-08 


1.17e-08 


4.80e-10 


5.60e-09 


6.11e-08 


2.72e-02 


8.02e-03 


3.27e-04 


3.82e-03 


4.17e-02 


3.78e-07 


1.12e-07 


4.55e-09 


5.32e-08 


5.80e-07 


L57e-03 


1.45e-01 


6.13e-03 


1.30e-02 


1.77e-03 


3.44e-08 


3.19e-06 


L34e-07 


2,85e-07 


3.87e-08 


1.25e-08 


1.15e-06 


4.86e-08 


1.03e-07 


1.40e-08 


8.12e-10 


7.51e-08 


3.17e-09 
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Table  D-6 
(Continued) 


Site 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Fire  Training  Area 


Chemical 


Aldrin 


Aldrin 


Benzene 


Benzene _ 

Benzene 


Benzene 


Benzene 


Benzo(a)pyrene 


Benzo(a)pyrene 


Benzo(a)pyrene 


Benzo(a)pyrene 


Benzo(a)pyrene 


Benzo(g,h,i)perylene 


Benzo(g,h,i)perylene 


Benzo(g,h,i)perylene 


Benzo(g,h,i)perylene 


Benzo(g,h,i)perylene 


Heptachlor  epoxide 
Heptachlor  epoxide 


Heptachlor  epoxide 


Heptachlor  epoxide 


Heptachlor  epoxide 


HpCDD  Totals 


HpCDD  Totals 


HpCDD  Totals 


HpCDD  Totals 


HpCDD  Totals 


Receptor 

Class 


Old  Town 


Residential 


Dormito 


Off-Site 


New  Town 


Old  Town 


Residential 


Dormito 


Off-Site 


New  Town 


Old  Town 


Residential 


Dormito 


Off-Site 


New  Town 


Old  Town 


Residential 


Dormito 


Off-Site 


New  Town 


Old  Town 


Residential 


Dormito 


Off-Site 


New  Town 


Old  Town 


Residential 


Dormito 


Maximum  Predicted 
Concentration  (ue/m^) 


6.72e-09 


9.13e-10 


3.12e-05 


2.89e-03 


1.22e-04 


2.59e-04 


3.51e-05 


L49e-09 


1.38e-07 


5.81e-09 


1.23e-08 


1.68e-09 


4.05e-09 


3.75e-07 


L58e-08 


3.35e-08 


4.55e-09 


2.44e-08 


1.03e-09 


2.18e-09 


2.96e-10 


7.97e-10 


3.36e-ll 


7.13e-ll 


9.69e-12 


Fire  Training  Area 

Off-Site 

4.78e-04 

Fire  Training  Area 

New  Town 

2.01e-05 

Fire  Training  Area 

Old  Town 

4.27e-05 

Fire  Training  Area 

Lead 

Residential 

5.80e-06 

Fire  Training  Area 

OCDD 

Dormitory 

5.63e-ll 

Fire  Training  Area 

OCDD 

Off-Site 

5.21e-09 

Fire  Training  Area 

OCDD 

New  Town 

2.20e-10 

Fire  Training  Area 

OCDD 

Old  Town 

4.66e-10 

Fire  Training  Area 

OCDD 

Residential 

6.33e-ll 

Fire  Training  Area 

Phenanthrene 

Dormitory 

6.96e-07 

Fire  Training  Area 

Phenanthrene 

Off-Site 

6.44e-05 
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Table  D-6 
(Continued) 


Site"””' 

Chemical 

keceptpr 

Glass 

Manmum  Predicted 
Concentration  (ug/m^) 

Fire  Training  Area 

Phenanthrene 

New  Town 

2.72e-06 

Fire  Training  Area 

Phenanthrene 

Old  Town 

5.77e-06 

Fire  Training  Area 

Phenanthrene 

Residential 

7.83e-07 

JP-4  Fill  Stands 

1 , 1 ,2,2-Tetrachloroethane 

Dormitory 

1.36e-05 

JP-4  Fill  Stands 

1 , 1 ,2,2-Tetrachloroethane 

Off-Site 

8.37e-06 

JP-4  Fill  Stands 

1 , 1 ,2,2-Tetrachloroethane 

New  Town 

2.89e-07 

JP-4  Fill  Stands 

1 , 1 ,2,2-Tetrachloroethane 

Old  Town 

5.35e-06 

JP-4  Fill  Stands 

1 , 1 ,2,2-Tetrachloroethane 

Residential 

l.lle-05 

JP-4  Fill  Stands 

2-Hexanone 

Dormitory 

6.13e-07 

JP-4  Fill  Stands 

2-Hexanone 

Off-Site 

3.77e-07 

JP-4  Fill  Stands 

2-Hexanone 

New  Town 

1.30e-08 

JP-4  Fill  Stands 

2-Hexanone 

Old  Town 

2.41e-07 

JP-4  Fill  Stands 

2-Hexanone 

Residential 

5.00e-07 

JP-4  Fill  Stands 

2-Methylnaphthalene 

Dormitory 

2.71e-08 

JP-4  Fill  Stands 

2-Methylnaphthalene 

Off-Site 

1.66e-08 

JP-4  Fill  Stands 

2-Methylnaphthalene 

New  Town 

5.75e-10 

JP-4  Fill  Stands 

2-Methylnaphthalene 

Old  Town 

1.06e-08 

JP-4  Fill  Stands 

2-Methylnaphthalene 

Residential 

2.21e-08 

JP-4  Fill  Stands 

4,4'-DDD 

Dormitory 

4.48e-08 

JP-4  Fill  Stands 

4,4’-DDD 

Off-Site 

2.76e-08 

JP-4  Fill  Stands 

4,4'-DDD 

New  Town 

9.52e-10 

JP-4  Fill  Stands 

4,4'-DDD 

Old  Town 

1.76e-08 

JP-4  Fill  Stands 

4,4'-DDD 

Residential 

3.66e-08 

JP-4  Fill  Stands 

4,4’-DDE 

Dormitory 

2.08e-08 

JP-4  Fill  Stands 

4,4'-DDE 

Off-Site 

L28e-08 

JP-4  Fill  Stands 

4,4'-DDE 

New  Town 

4.43e-10 

JP-4  Fill  Stands 

4,4’-DDE 

Old  Town 

8.18e-09 

JP-4  Fill  Stands 

4,4'-DDE 

Residential 

1.70e-08 

JP-4  Fill  Stands 

4,4’-DDT 

Dormitory 

1.34e-07 

JP-4  Fill  Stands 

4,4'-DDT 

Off-Site 

8.24e-08 

JP-4  Fill  Stands 

4,4'-DDT 

New  Town 

2.85e-09 

JP-4  Fill  Stands 

4,4’-DDT 

Old  Town 

5.27e-08 

JP-4  Fill  Stands 

4,4’-DDT 

Residential 

1.09e-07 

JP-4  Fill  Stands 

Acenaphthylene 

Dormitory 

9.42e-09 

JP-4  Fill  Stands 

Acenaphthylene 

Off-Site 

5.79e-09 

JP-4  Fill  Stands 

Acenaphthylene 

New  Town 

2.00e-10 

JP-4  Fill  Stands 

Acenaphthylene 

Old  Town 

3.70e-09 

JP-4  Fill  Stands 

Acenaphthylene 

Residential 

7.69e-09 

JP-4  Fill  Stands 

Benz(a)anthracene 

Dormitory 

2.48e-07 
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Site 

Chemical 

Receptor 

Class 

Maximum  Predicted 
Concentration  (ug/m^ 

JP-4  Fill  Stands 

Benz(a)anthracene 

Off-Site 

1.53e-07 

JP-4  Fill  Stands 

Benz(a)anthracene 

New  Town 

5.28e-09 

JP-4  Fill  Stands 

Benz(a)anthracene 

Old  Town 

9.76e-08 

JP-4  Fill  Stands 

Benz(a)anthracene 

Residential 

2.03e-07 

JP-4  Fill  Stands 

Benzene 

Dormitory 

4.50e-04 

JP-4  Fill  Stands 

Benzene 

Off-Site 

2.77e-{)4 

JP-4  Fill  Stands 

Benzene 

New  Town 

9.56e-06 

JP-4  Fill  Stands 

Benzene 

Old  Town 

1.77e-04 

JP-4  Fill  Stands 

Benzene 

Residential 

3.67e-04 

JP-4  Fill  Stands 

Benzo(a)pyrene 

Dormitory 

2.02e-07 

JP-4  Fill  Stands 

Benzo(a)pyrene 

Off-Site 

1.24e-07 

JP-4  Fill  Stands 

Benzo(a)pyrene 

New  Town 

4.29e-09 

JP-4  Fill  Stands 

Benzo(a)pyrene 

Old  Town 

7.93e-08 

JP-4  Fill  Stands 

Benzo(a)pyrene 

Residential 

1.65e-07 

JP-4  Fill  Stands 

Benzo(b)fluoranthene 

Dormitory 

2.82e-07 

JP-4  Fill  Stands 

Benzo(b)fluoranthene 

Off-Site 

L73e-07 

JP-4  Fill  Stands 

Benzo(b)fluoranthene 

New  Town 

5.99e-09 

JP-4  Fill  Stands 

Benzo(b)fluoranthene 

Old  Town 

l.lle-07 

JP-4  Fill  Stands 

Benzo(b)fluoranthene 

Residential 

2.30e-07 

JP-4  Fill  Stands 

Benzo(g,h,i)perylene 

Dormitory 

1.21e-07 

JP-4  Fill  Stands 

Benzo(g,h,i)perylene 

Off-Site 

7.43e-08 

JP-4  Fill  Stands 

Benzo(g,h,i)perylene 

New  Town 

2.57e-09 

JP-4  Fill  Stands 

Benzo(g,h,i)perylene 

Old  Town 

4.75e-08 

JP-4  Fill  Stands 

Benzo(g,h,i)perylene 

Residential 

9.86e-08 

JP-4  Fill  Stands 

Benzo(k)fluoranthene 

Dormitory 

2.32e-07 

JP-4  Fill  Stands 

Benzo(k)fluoranthene 

Off-Site 

1.43e-07 

JP-4  Fill  Stands 

Benzo(k)fluoranthene 

New  Town 

4.93e-09 

JP-4  Fill  Stands 

Benzo(k)fluoranthene 

Old  Town 

9.11e-08 

JP-4  Fill  Stands 

Benzo(k)fluoranthene 

Residential 

1.89e-07 

JP-4  Fill  Stands 

Chrysene 

Dormitory 

2.51e-07 

JP-4  Fill  Stands 

Chrysene 

Off-Site 

1.55e-07 

JP-4  Fill  Stands 

Chrysene 

New  Town 

5.34e-09 

JP-4  Fill  Stands 

Chrysene 

Old  Town 

9.88e-08 

JP-4  Fill  Stands 

Chrysene 

Residential 

2.05e-07 

JP-4  Fill  Stands 

Dibenz(a,h)anthracene 

Dormitory 

5.62e-08 

JP-4  Fill  Stands 

Dibenz(a,h)anthracene 

Off-Site 

3.45e-08 

JP-4  Fill  Stands 

Dibenz(a,h)anthracene 

New  Town 

1.19e-09 

JP-4  Fill  Stands 

Dibenz(a,h)anthracene 

Old  Town 

2.21e-08 

JP-4  Fill  Stands 

Dibenz(a,h)anthracene 

Residential 

4.59e-08 
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JP-4  Fill  Stands 


JP-4  Fill  Stands 


JP-4  Fill  Stands 
JP-4  Fill  Stands 


JP-4  Fill  Stands 


JP-4  Fill  Stands 
JP-4  Fill  Stands 


JP-4  Fill  Stands 


JP-4  Fill  Stands 


JP-4  Fill  Stands 
JP-4  Fill  Stands 
JP-4  Fill  Stands 


JP-4  Fill  Stands 


JP-4  Fill  Stands 


JP-4  Fill  Stands 


JP-4  Fill  Stands 


JP-4  Fill  Stands 


JP-4  Fill  Stands 


JP-4  Fill  Stands 


JP-4  Fill  Stands 


Million  Gallon  Hill 


Million  Gallon  Hill 


Million  Gallon  Hill 


Million  Gallon  Hill 


Million  Gallon  Hill 


Million  Gallon  Hill 


Million  Gallon  Hill 


Million  Gallon  Hill 


Million  Gallon  Hill 


Million  Gallon  Hill 


Million  Gallon  Hill 


Million  Gallon  Hill 


Million  Gallon  Hill 


Million  Gallon  Hill 


Million  Gallon  Hill 


Million  Gallon  Hill 


Million  Gallon  Hill 


Million  Gallon  Hill 


Million  Gallon  Hill 


Chemical 


Indeno(  1 ,2,3-cd)pyrene 


Indeno(  1 ,2,3“Cd)pyrene 


Indeno(  1 ,2,3-cd)pyrene 


Indeno(  1 ,2,3-cd)pyrene 


Indeno(  1 ,2,3-cd)pyrene 


Lead 


Pentachlorophenol 

Pentachlorophenol 


Pentachlorophenol 


Pentachlorophenol 


Pentachlorophenol 


Phenanthrene 


Phenanthrene 


Phenanthrene _ 

Phenanthrene 


Phenanthrene 


2-Methvlnaphthalene 


2-Methylnaphthalene 

2-Methylnaphthalene 


2-Methylnaphthalene 


2-Methylnaphthalene 


Benz(a)anthracene 


Benz(a)anthracene 


B  enz(a)anthracene 


Benz(a)anthracene 


B  enz(a)anthracene 


Benzo(a)pyrene _ 


Benzo(a)pyrene 


Benzo(a)pyrene 


Benzo(a)pyrene 


Benzo(a)pyrene 


Benzo(b)fluoranthene 


Benzo(b)fluoranthene 


Benzo(b)fluoranthene 


Benzo(b)fluoranthene 


Receptor 

Class 


Dormito 


Off-Site 


New  Town 


Old  Town 


Residential 


Dormito 


Off-Site 


New  Town 


Old  Town 


Residential 

Dormitory 

Off-Site 


New  Town 


Old  Town 


Residential 


Dormito 


Off-Site 


New  Town 
Old  Town 


Residential 


Dormito 


Off-Site 
New  Town 


Old  Town 


Residential 


Dormito 


Off-Site 


New  Town 


Old  Town 


Residential 


Dormito 


Off-Site 


New  Town 


Old  Town 


Residential 


Dormito 


Off-Site 


New  Town 


Old  Town 


9.90e-08 


6.09e-08 


2.10e-09 

3.89e-08 


8.08e-08 


L86e-06 


1.14e-06 


3.95e-08 


7.30e-07 


1.52e-06 

5.46e-08 

3.35e-08 


1.16e-09 


2.14e-08 


4.46e-08 


2.76e-07 


1.70e-07 


5.87e-09 


1.08e-07 


2.25e-07 


5.00e-09 


3.50e-09 

1.59e-10 


2.51e-09 


5.86e-09 


236e-08 


1.65e-08 


7.52e-10 


1.18e-08 


2.77e-08 


3.61e-08 


1.64e-09 


2.58e-08 


6.05e-08 


L15e-07 


8.06e-08 


3.67e-09 


5.77e-08 
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Site 

Chemical 

Receptor 
.  Class 

Maximum  Predicted 
Concentration  (ug/m^) 

Million  Gallon  Hill 

Benzo(b)fluoranthene 

Residential 

1.35e-07 

Million  Gallon  Hill 

Benzo(g,h,i)perylene 

Dormitory 

3.00e-08 

Million  Gallon  Hill 

Benzo(g,h,i)perylene 

Off-Site 

2.10e-08 

Million  Gallon  Hill 

Benzo(g,h,i)perylene 

New  Town 

9.57e-10 

Million  Gallon  Hill 

Benzo(g,h,i)perylene 

Old  Town 

1.50e-08 

Million  Gallon  Hill 

Benzo(g,h,i)perylene 

Residential 

3.52e-08 

Million  Gallon  Hill 

Indeno(  1 ,2,3-cd)pyrene 

Dormitory 

2.76e-08 

Million  Gallon  Hill 

Indeno(  1 ,2,3-cd)pyrene 

Off-Site 

1.93e-08 

Million  Gallon  Hill 

Indeno(  1 ,2,3-cd)pyrene 

New  Town 

8.78e-10 

Million  Gallon  Hill 

Indeno(  1 ,2,3-cd)pyrene 

Old  Town 

1.38e-08 

Million  Gallon  Hill 

Indeno(  1 ,2,3-‘Cd)pyrene 

Residential 

3.23e-08 

Million  Gallon  Hill 

Lead 

Dormitory 

2.10e-04 

Million  Gallon  Hill 

Lead 

Off-Site 

1.47e-04 

Million  Gallon  Hill 

Lead 

New  Town 

6.69e-06 

Million  Gallon  Hill 

Lead 

Old  Town 

1.05e-04 

Million  Gallon  Hill 

Lead 

Residential 

2.46e-04 

Million  Gallon  Hill 

Phenanthrene 

Dormitory 

2.63e-08 

Million  Gallon  Hill 

Phenanthrene 

Off-Site 

1.84e-08 

Million  Gallon  Hill 

Phenanthrene 

New  Town 

8.39e-10 

Million  Gallon  Hill 

Phenanthrene 

Old  Town 

1.32e-08 

Million  Gallon  Hill 

Phenanthrene 

Residential 

3.09e-08 

POL  Area 

2-Methylnaphthalene 

Dormitory 

6.30e-05 

POL  Area 

2-Methylnaphthalene 

Off-Site 

8.34e-06 

POL  Area 

2-Methylnaphthalene 

New  Town 

8.30e-08 

POL  Area 

2“Methylnaphthalene 

Old  Town 

1.24e-06 

POL  Area 

2-Methylnaphthalene 

Residential 

1.22e-05 

POL  Area 

Benz(a)anthracene 

Dormitory 

2.51e-07 

POL  Area 

Benz(a)anthracene 

Off-Site 

3.32e-08 

POL  Area 

Benz(a)anthracene 

New  Town 

3.30e-10 

POL  Area 

Benz(a)anthracene 

Old  Town 

4.95e-09 

POL  Area 

Benz(a)anthracene 

Residential 

4.87e-08 

POL  Area 

Benzene 

Dormitory 

1.12e+00 

POL  Area 

Benzene 

Off-Site 

L48e-01 

POL  Area 

Benzene 

New  Town 

1.47e-03 

POL  Area 

Benzene 

Old  Town 

2.21e-02 

POL  Area 

Benzene 

Residential 

2.17e-01 

POL  Area 

Benzo(a)pyrene 

Dormitory 

1.69e-07 

POL  Area 

Benzo(a)pyrene 

Off-Site 

2.23e-08 

POL  Area 

New  Town 

2.22e-10 
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Site 

Chemical 

POL  Area 

Benzo(a)pyrene 

POL  Area 

Benzo(a)pyrene 

POL  Area 

Benzo(b)fluoranthene 

POL  Area 

Benzo(b)fluoranthene 

POL  Area 

Benzo(b)fluoranthene 

POL  Area 

Benzo(b)fluoranthene 

POL  Area 

Benzo(b)fluoranthene 

POL  Area 

Benzo(g,h,i)perylene 

POL  Area 

Benzo(g,h,i)perylene 

POL  Area 

Benzo(g,h,i)perylene 

POL  Area 

Benzo(g,h,i)perylene 

POL  Area 

Benzo(g,h,i)perylene 

POL  Area 

Dibenz(a,h)anthracene 

POL  Area 

Dibenz(a,h)anthracene 

POL  Area 

Dibenz(a,h)anthracene 

POL  Area 

Dibenz(a,h)anthracene 

POL  Area 

Dibenz(a,h)anthracene 

POL  Area 

Dieldrin 

POL  Area 

Dieldrin 

POL  Area 

Dieldrin 

POL  Area 

Dieldrin 

POL  Area 

Dieldrin 

POL  Area 

Lead 

POL  Area 

Lead 

POL  Area 

Lead 

POL  Area 

Lead 

POL  Area 

Lead 

POL  Area 

Phenanthrene 

POL  Area 

Phenanthrene 

POL  Area 

Phenanthrene 

POL  Area 

Phenanthrene 

POL  Area 

Phenanthrene 

Power  Plant 

2“Hexanone 

Power  Plant 

2-Hexanone 

Power  Plant 

2“Hexanone 

Power  Plant 

2-Hexanone 

Power  Plant 

2-Hexanone 

Power  Plant 

2-Methylnaphthalene 

Power  Plant 

2-MethYlnaDhthalene 

Receptor  ; 
Class 

Maximum  Predicted 
Concentration  (us/m^) 

3.33e-09 

Residential 

3.28e-08 

Dormitory 

2.10e-07 

Off-Site 

2.78e-08 

New  Town 

2.76e-10 

Old  Town 

4.14e-09 

Residential 

4.07e-08 

Dormitory 

1.81e-07 

Off-Site 

2.39e-08 

New  Town 

2.38e-10 

Old  Town 

3.57e-09 

Residential 

3.51e-08 

Dormitory 

8.72e-08 

Off-Site 

1.15e-08 

New  Town 

1.15e-10 

Old  Town 

1.72e-09 

Residential 

1.69e-08 

Dormitory 

6.21e-08 

Off-Site 

8.21e-09 

New  Town 

8.17e-ll 

Old  Town 

1.22e-09 

Residential 

1.20e-08 

Dormitory 

4.54e-04 

Off-Site 

6.01e-05 

New  Town 

5.98e-07 

Old  Town 

8.96e-06 

Residential 

8.81e-05 

Dormitory 

1.71e-06 

Off-Site 

2.25e-07 

New  Town 

2.24e-09 

Old  Town 

3.36e-08 

Residential 

3.31e-07 

Dormitory 

9.73e-04 

Off-Site 

3.08e-04 

New  Town 

1.62e-05 

Old  Town 

2.18e-04 

Residential 

1.17e-03 

Dormitory 

4.25e-08 

Off-Site 

1.35e-08 
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Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Power  Plant 


Waste  Accumulation  Area 


Waste  Accumulation  Area 


Waste  Accumulation  Area 


Waste  Accumulation  Area 


Waste  Accumulation  Area 


Waste  Accumulation  Area 


Chemical 


l-Methylnaphthalene 


2-Methylnaphthalene 


2-Methylnaphthalene 

Aluminum 


Aluminum 


Aluminum 


Aluminum 


Aluminum 


Beryllium 


Beryllium 


Beryllium 


Beryllium 


Beryllium 


Dieldrin 


Dieldrin 


Dieldrin _ 

Dieldrin 


Dieldrin 


Lead 


Lead 


Manganese  (food) 


Manganese  (food 


Manganese  (food) 


Manganese  (food) 


Manganese  (food) 


alpha-BHC 


alpha-BHC 


alpha-BHC _ 

alpha-BHC 


2-Methylnaphthalene 


2-Methylnaphthalene 


2-Methylnaphthalene 


2-Methylnaphthalene 


4,4’-DDD 


Receptor 

Class 


New  Town 


Old  Town 


Residential 


Dormito 


Off-Site 


New  Town 


Old  Town 


Residential 


Dormito 


Off-Site 


New  Town 


Old  Town 


Residential 


Dormito 


Off-Site 


New  Town 
Old  Town 


Residential 


Dormito 


New  Town 
Old  Town 


Residential 


Dormitor 


Off-Site 


New  Town 


Old  Town 


Residential 


Dormito 


Off-Site 


New  Town 
Old  Town 


Off-Site 


New  Town 


Old  Town 


Residential 


Dormito 


7.10e-10 


9.54e-09 


5.09e-08 


1.95e-05 


6.17e-06 


3.26e-07 


4.37e-06 


2.33e-05 


4.96e-10 


L57e-10 


8.29e-12 


Llle-10 


5.94e-10 


1.56e-ll 


4.94e-12 


2.60e-13 

3.50e-12 


L87e-ll 
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L28e-09 


L72e-08 


9.17e-08 


7.80e-07 


2.47e-07 


L30e-08 


L75e-07 


9.34e-07 


2.84e-ll 


8.97e-12 


4.73e-13 

6.36e-12 


3.40e-ll 


6.60e-10 


2.19e-10 


L15e-ll 


L65e-10 


6.62e-10 


1.87e-07 
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Site 

Chemical 

Receptor 

Class 

Maximum  Predicted 
;  Concentration  (ug/m?) 

Waste  Accumulation  Area 

4,4‘-DDD 

Off-Site 

6.21e-08 

Waste  Accumulation  Area 

4,4’-DDD 

New  Town 

3.25e-09 

Waste  Accumulation  Area 

4,4'-DDD 

Old  Town 

4.68e-08 

Waste  Accumulation  Area 

4,4’-DDD 

Residential 

1.88e-07 

Waste  Accumulation  Area 

4,4'-DDE 

Dormitory 

1.42e-08 

Waste  Accumulation  Area 

4,4’-DDE 

Off-Site 

4.70e-09 

Waste  Accumulation  Area 

4,4’-DDE 

New  Town 

2.46e-10 

Waste  Accumulation  Area 

4,4'-DDE 

Old  Town 

3.55e-09 

Waste  Accumulation  Area 

4,4’-DDE 

Residential 

1.42e-08 

Waste  Accumulation  Area 

4,4'-DDT 

Dormitory 

2.50e-07 

Waste  Accumulation  Area 

4,4’-DDT 

Off-Site 

8.31e-08 

Waste  Accumulation  Area 

4,4’-DDT 

New  Town 

4.35e-09 

Waste  Accumulation  Area 

4,4'-DDT 

Old  Town 

6.27e-08 

Waste  Accumulation  Area 

4,4'-DDT 

Residential 

2.51e-07 

Waste  Accumulation  Area 

Aldrin 

Dormitory 

3.61e-10 

Waste  Accumulation  Area 

Aldrin 

Off-Site 

1.20e-10 

Waste  Accumulation  Area 

Aldrin 

New  Town 

6.27e-12 

Waste  Accumulation  Area 

Aldrin 

Old  Town 

9.04e-ll 

Waste  Accumulation  Area 

Aldrin 

Residential 

3.62e-10 

Waste  Accumulation  Area 

B  enz(a)anthracene 

Dormitory 

1.90e-08 

Waste  Accumulation  Area 

Benz(a)anthracene 

Off-Site 

6.31e-09 

Waste  Accumulation  Area 

Benz(a)anthracene 

New  Town 

3.30e-10 

Waste  Accumulation  Area 

Benz(a)anthracene 

Old  Town 

4.76e-09 

Waste  Accumulation  Area 

Benz(a)anthracene 

Residential 

1.91e-08 

Waste  Accumulation  Area 

Benzo(a)pyrene 

Dormitory 

1.52e-08 

Waste  Accumulation  Area 

Benzo(a)pyrene 

Off-Site 

5.05e-09 

Waste  Accumulation  Area 

Benzo(a)pyrene 

New  Town 

2.64e-10 

Waste  Accumulation  Area 

Benzo(a)pyrene 

Old  Town 

3.81e-09 

Waste  Accumulation  Area 

Benzo(a)pyrene 

Residential 

1.53e-08 

Waste  Accumulation  Area 

Benzo(b)fluoranthene 

Dormitory 

1.62e-08 

Waste  Accumulation  Area 

Benzo(b)fluoranthene 

Off-Site 

5.39e-09 

Waste  Accumulation  Area 

Benzo(b)fluoranthene 

New  Town 

2.82e-10 

Waste  Accumulation  Area 

Benzo(b)fluoranthene 

Old  Town 

4.06e-09 

Waste  Accumulation  Area 

Benzo(b)fluoranthene 

Residential 

1.63e-08 

Waste  Accumulation  Area 

Benzo(g,h,i)perylene 

Dormitory 

7.87e-09 

Waste  Accumulation  Area 

Benzo(g,h,i)perylene 

Off-Site 

2.61e-09 

Waste  Accumulation  Area 

Benzo(g,h,i)perylene 

New  Town 

1.37e-10 

Waste  Accumulation  Area 

Benzo(g,h,i)perylene 

Old  Town 

1.97e-09 

Waste  Accumulation  Area 

Benzo(g,h,i)perylene 

Residential 

7.90e-09 
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Site 

Chemical 

1111111 

IKiiSiiiHI 

Waste  Accumulation  Area 

Dibenz(a,h)anthracene 

Dormitory 

5.06e-09 

Waste  Accumulation  Area 

Dibenz(a,h)anthracene 

Off-Site 

1.68e-09 

Waste  Accumulation  Area 

Dibenz(a,h)anthracene 

New  Town 

8.79e-ll 

Waste  Accumulation  Area 

Dibenz(a,h)anthracene 

Old  Town 

1.27e-09 

Waste  Accumulation  Area 

Dibenz(a,h)anthracene 

Residential 

5.08e-09 

Waste  Accumulation  Area 

Dieldrin 

Dormitory 

8.71e-09 

Waste  Accumulation  Area 

Dieldrin 

Off-Site 

2.89e-09 

Waste  Accumulation  Area 

Dieldrin 

New  Town 

1.51e-10 

Waste  Accumulation  Area 

Dieldrin 

Old  Town 

2.18e-09 

Waste  Accumulation  Area 

Dieldrin 

Residential 

8.74e-09 

Waste  Accumulation  Area 

Heptachlor  epoxide 

Dormitory 

5.68e-ll 

Waste  Accumulation  Area 

Heptachlor  epoxide 

Off-Site 

1.89e-ll 

Waste  Accumulation  Area 

Heptachlor  epoxide 

New  Town 

9.86e-13 

Waste  Accumulation  Area 

Heptachlor  epoxide 

Old  Town 

1.42e-ll 

Waste  Accumulation  Area 

Heptachlor  epoxide 

Residential 

5.70e-ll 

Waste  Accumulation  Area 

Indeno(  1 ,2,3“Cd)pyrene 

Dormitory 

7.12e-09 

Waste  Accumulation  Area 

Indeno(  1 ,2,3-cd)pyrene 

Off-Site 

2.36e-09 

Waste  Accumulation  Area 

Indeno(  1 ,2,3-cd)pyrene 

New  Town 

L24e-10 

Waste  Accumulation  Area 

Indeno(  1 ,2,3“Cd)pyrene 

Old  Town 

L78e-09 

Waste  Accumulation  Area 

Indeno(  1 ,2,3-cd)pyrene 

Residential 

7.15e-09 

Waste  Accumulation  Area 

Lead 

Dormitory 

7.48e-06 

Waste  Accumulation  Area 

Lead 

Off-Site 

2.48e-06 

Waste  Accumulation  Area 

Lead 

New  Town 

1.30e-07 

Waste  Accumulation  Area 

Lead 

Old  Town 

1.87e-06 

Waste  Accumulation  Area 

Lead 

Residential 

7.50e-06 

Waste  Accumulation  Area 

Phenanthrene 

Dormitory 

2.65e-08 

Waste  Accumulation  Area 

Phenanthrene 

Off-Site 

8.79e-09 

Waste  Accumulation  Area 

Phenanthrene 

New  Town 

4.60e-10 

Waste  Accumulation  Area 

Phenanthrene 

Old  Town 

6.63e-09 

Waste  Accumulation  Area 

Phenanthrene 

Residential 

2.66e-08 

Waste  Accumulation  Area 

gamma-BHC 

Dormitory 

3.37e-10 

Waste  Accumulation  Area 

gamma-BHC 

Off-Site 

1.12e-10 

Waste  Accumulation  Area 

gamma-BHC 

New  Town 

5.86e-12 

Waste  Accumulation  Area 

gamma-BHC 

Old  Town 

8.45e-ll 

Waste  Accumulation  Area 

gamma-BHC 

Residential 

3.39e-10 

West  Unit 

1 , 1 ,2,2-Tetrachloroethane 

Dormitory 

1.36e-05 

West  Unit 

1 ,1 ,2,2-Tetrachloroethane 

Off-Site 

8.37e-06 

West  Unit 

1 , 1 ,2,2-Tetrachloroethane 

New  Town 

2.89e-07 

West  Unit 

1 , 1 ,2,2-Tetrachloroethane 

Old  Town 

5.35e-06 
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Site 

Chemical 

Receptor 

Class 

Maximum  Predicted 
j  Concentration  fue/m^) 

West  Unit 

1 , 1 ,2,2-Tetrachloroethane 

Residential 

l.lle-05 

West  Unit 

2-Hexanone 

Dormitory 

9.73e-04 

West  Unit 

2-Hexanone 

Off-Site 

3.08e-04 

West  Unit 

2-Hexanone 

New  Town 

1.62e-05 

West  Unit 

2-Hexanone 

Old  Town 

2.18e-04 

West  Unit 

2-Hexanone 

Residential 

1.17e-03 

West  Unit 

2-Methylnaphthalene 

Dormitory 

4.25e-08 

West  Unit 

2-Methylnaphthalene 

Off-Site 

1.66e-08 

West  Unit 

2-Methylnaphthalene 

New  Town 

7.10e-10 

West  Unit 

2-Methylnaphthalene 

Old  Town 

1.06e-08 

West  Unit 

2-Methylnaphthalene 

Residential 

5.09e-08 

West  Unit 

4,4'-DDD 

Dormitory 

1.87e-07 

West  Unit 

4,4’-DDD 

Off-Site 

6.21e-08 

West  Unit 

4,4’-DDD 

New  Town 

3.25e-09 

West  Unit 

4,4'-DDD 

Old  Town 

4.68e-08 

West  Unit 

4,4’-DDD 

Residential 

1.88e-07 

West  Unit 

4,4'-DDE 

Dormitory 

2.08e-08 

West  Unit 

4,4'-DDE 

Off-Site 

1.28e-08 

West  Unit 

4,4’-DDE 

New  Town 

4.43e-10 

West  Unit 

4,4’-DDE 

Old  Town 

8.18e-09 

West  Unit 

4,4'-DDE 

Residential 

1.70e-08 

West  Unit 

4,4'-DDT 

Dormitory 

2.50e-07 

West  Unit 

4,4’-DDT 

Off-Site 

8.31e-08 

West  Unit 

4,4'-DDT 

New  Town 

4.35e-09 

West  Unit 

4,4'-DDT 

Old  Town 

6.27e-08 

West  Unit 

4,4'-DDT 

Residential 

2.51e-07 

West  Unit 

Acenaphthylene 

Dormitory 

9.42e-09 

West  Unit 

Acenaphthylene 

Off-Site 

5.79e-09 

West  Unit 

Acenaphthylene 

New  Town 

2.00e-10 

West  Unit 

Acenaphthylene 

Old  Town 

3.70e-09 

West  Unit 

Acenaphthylene 

Residential 

7.69e-09 

West  Unit 

Aldrin 

Dormitory 

3.61e-10 

West  Unit 

Aldrin 

Off-Site 

L20e-10 

West  Unit 

Aldrin 

New  Town 

6.27e-12 

West  Unit 

Aldrin 

Old  Town 

9.04e-ll 

West  Unit 

Aldrin 

Residential 

3.62e-10 

West  Unit 

Aluniinum 

Dormitory 

1.95e-05 

West  Unit 

Aluminum 

Off-Site 

6.17e-06 

West  Unit 

Aluminum 

New  Town 

3.26e-07 
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Site 

Chemical 

Receptor 

Class 

West  Unit 

Aluminum 

Old  Town 

4.37e-06 

West  Unit 

Aluminum 

Residential 

2.33e-05 

West  Unit 

Arsenic 

Dormitory 

3.98e-08 

West  Unit 

Arsenic 

Off-Site 

1.17e-08 

West  Unit 

Arsenic 

New  Town 

4.80e-10 

West  Unit 

Arsenic 

Old  Town 

5.60e-09 

West  Unit 

Arsenic 

Residential 

6.11e-08 

West  Unit 

Benz(a)anthracene 

Dormitory 

2.48e-07 

West  Unit 

Benz(a)anthracene 

Off-Site 

1.53e-07 

West  Unit 

Benz(a)anthracene 

New  Town 

5.28e-09 

West  Unit 

Benz(a)anthracene 

Old  Town 

9.76e-08 

West  Unit 

Benz(a)anthracene 

Residential 

2.03e-07 

West  Unit 

Benzene 

Dormitory 

2.72e-02 

West  Unit 

Benzene 

Off-Site 

8.02e-03 

West  Unit 

Benzene 

New  Town 

3.27e-04 

West  Unit 

Benzene 

Old  Town 

3.82e-03 

West  Unit 

Benzene 

Residential 

4.17e-02 

West  Unit 

Benzo(a)pyrene 

Dormitory 

2.02e-07 

West  Unit 

Benzo(a)pyrene 

Off-Site 

1.24e-07 

West  Unit 

Benzo(a)pyrene 

New  Town 

4.29e-09 

West  Unit 

Benzo(a)pyrene 

Old  Town 

7.93e-08 

West  Unit 

Benzo(a)pyrene 

Residential 

1.65e-07 

West  Unit 

Benzo(b)fluoranthene 

Dormitory 

2.82e-07 

West  Unit 

Benzo(b)fluoranthene 

Off-Site 

1.73e-07 

West  Unit 

Benzo(b)fluoranthene 

New  Town 

5.99e-09 

West  Unit 

Benzo(b)fluoranthene 

Old  Town 

l.lle-07 

West  Unit 

Benzo(b)fluoranthene 

Residential 

2.30e-07 

West  Unit 

Benzo(g,h,i)perylene 

Dormitory 

1.21e-07 

West  Unit 

Benzo(g,h,i)perylene 

Off-Site 

7.43e-08 

West  Unit 

Benzo(g,h,i)perylene 

New  Town 

2.57e-09 

West  Unit 

Benzo(g,h,i)perylene 

Old  Town 

4.75e-08 

West  Unit 

Benzo(g,h,i)perylene 

Residential 

9.86e-08 

West  Unit 

Benzo(k)fluoranthene 

Dormitory 

2.32e-07 

West  Unit 

Benzo(k)fluoranthene 

Off-Site 

1.43e-07 

West  Unit 

Benzo(k)fluoranthene 

New  Town 

4.93e-09 

West  Unit 

Benzo(k)fluoranthene 

Old  Town 

9.11e-08 

West  Unit 

B  enzo(k)fluoranthene 

Residential 

1.89e-07 

West  Unit 

Beryllium 

Dormitory 

4.96e-10 

West  Unit 

Beryllium 

Off-Site 

1.57e-10 
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Chemical 


West  Unit 
West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


Beryllium 


Beryllium 


Beryllium 

Chrysene 


Chrysene 


Chrysene 


Chrysene 


Dibenz(a,h)anthracene 


Dibenz(a,h)anthracene 


Dibenz(a,h)anthracene 


Dibenz(a,h)anthracene 

Dieldrin 


Dieldrin 


Dieldrin 


Dieldrin 


Dieldrin 


Heptachlor  epoxide 


Heptachlor  epoxide 


Heptachlor  epoxide 


Heptachlor  epoxide 


Heptachlor  epoxide 


HpCDD  Totals 


HpCDD  Totals _ 

HpCDD  Totals 


HpCDD  Totals _ 

HpCDD  Totals 


Indeno(  1 ,2,3-cd)pyrene 


Indeno(l,2,3-cd)pyrene 
Indeno(  1 ,2,3-cd)pyrene 


Indeno(  1 ,2,3’Cd)pyrene 
Indeno(  1 ,2,3“Cd)pyrene 


Lead 


Receptor 

Class 


New  Town 


Old  Town 


Residential 
Dormito 


Off-Site 


New  Town 


Old  Town 


Off-Site 


New  Town 


Old  Town 


Residential 
Dormito 


Off-Site 


New  Town 


Old  Town 


Residential 
Dormito 


Off-Site 


New  Town 


Old  Town 


Residential 


Dormito 


Off-Site 
New  Town 


Old  Town 
Residential 


Dormito 


Off-Site 
New  Town 


Old  Town 
Residential 


Dormitory 

Off-Site 


New  Town 


Old  Town 


Residential 


Dormito 


8.29e-12 


l.lle-10 


5.94e-10 


2.51e-07 


1.55e-07 


5.34e-09 


9.88e-08 


2.05e-07 


5.62e-08 


3.45e-08 


1.19e-09 


2.21e-08 


4.59e-08 


8.71e-09 


2.89e-09 


1.51e-10 


2.18e-09 


8.74e-09 

5.68e-ll 


1.89e-ll 


9.86e-13 


1.42e-ll 


5.70e-ll 


O.OOe+00 


O.OOe+00 


O.OOe+00 


O.OOe+00 

O.OOe+00 
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6.09e-08 


2.10e-09 


3.89e-08 

8.08e-08 


2.10e-04 


1.47e-04 


6.69e-06 


1.05e-04 


2.46e-04 


7.80e-07 
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Site 

Chemical 

Receptor 

Class 

Maximum  Predicted 
Concentration  (nsfw?) 

West  Unit 

Manganese  (food) 

Off-Site 

2.47e-07 

West  Unit 

Manganese  (food) 

New  Town 

1.30e-08 

West  Unit 

Manganese  (food) 

Old  Town 

1.75e-07 

West  Unit 

Manganese  (food) 

Residential 

9.34e-07 

West  Unit 

OCDD 

Dormitoi 

^ _ 

O.OOe+00 

West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 
West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


West  Unit 


QCDD _ 

OCDD 


OCDD 


OCDD 


Pentachlorophenol 


Pentachlorophenol 


Pentachlorophenol 


Pentachlorophenol 


Phenanthrene 


Phenanthrene 


Phenanthrene 


Phenanthrene 


Phenanthrene 


alpha-BHC 


alpha-BHC 


alpha-BHC 


alpha-BHC 


Off-Site 
New  Town 


Old  Town 


Residential 


Dormito" 


New  Town 


Old  Town 


Residential 


Dormito 


Off-Site 


New  Town 


Old  Town 


Residential 


Dormito 


Off-Site 


New  Town 


Old  Town 


O.OOe+00 


O.OOe+00 


O.OOe+00 


O.OOe+00 


5.46e-08 


3.35e-08 


L16e-09 


2J4e-08 


4.46e-08 


2.76e-07 


1.70e-07 


5.87e-09 


1.08e-07 


2.25e-07 


2.84e-ll 


8.97e-12 


4.73e-13 


6.36e-12 


amma-BHC 

Dormitory 

3.37e-10 

amma-BHC 

Off-Site 

1.12e-10 

amma-BHC 

New  Town 

5.86e-12 

amma-BHC 

Old  Town 

8.45e-ll 
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Table  D-7 

Maximum  Predicted  Concentrations  for  On-Site  Worker  Exposures 


Receptor 

Maximum  Predicted 

Site 

Chemical 

Class 

Concentration  (ug/m^ 

Building  1700 

2-Methylnaphthalene 

Worker 

3.46e-07 

Building  1700 

Arsenic 

Worker 

6.36e-05 

Building  1700 

Benzene 

Worker 

4.34e+01 

Building  1700 

Lead 

Worker 

6.04e-04 

Fire  Training  Area 

2-Hexanone 

Worker 

L47e+01 

Fire  Training  Area 

4,4'-DDT 

Worker 

3.23e-04 

Fire  Training  Area  i 

Acenaphthylene 

Worker 

1.17e-04 

Fire  Training  Area 

Aldrin 

Worker 

7.61e-06 

Fire  Training  Area 

Benzene 

Worker 

2.93e-01 

Fire  Training  Area 

Benzo(a)pyrene 

Worker 

1.40e-05 

Fire  Training  Area 

Benzo(g,h,i)perylene 

Worker 

3.79e-05 

Fire  Training  Area 

Heptachlor  epoxide 

Worker 

2.47e-06 

Fire  Training  Area 

HpCDD  Totals 

Worker 

8.07e-08 

Fire  Training  Area 

Lead 

Worker 

4.84e-02 

Fire  Training  Area 

OCDD 

Worker 

5.27e-07 

Fire  Training  Area 

Phenanthrene 

Worker 

6.52e-03 

JP-4  Fill  Stands 

1 , 1 ,2,2-Tetrachloroethane 

Worker 

3.65e-03 

JP-4  Fill  Stands 

2-Hexanone 

Worker 

L64e-04 

JP~4  Fill  Stands 

2-Methylnaphthalene 

Worker 

7.24e-06 

JP-4  Fill  Stands 

4,4'-DDD 

Worker 

1.20e-05 

JP-4  Fill  Stands 

4,4’-DDE 

Worker 

5.58e-06 

JP-4  Fill  Stands 

4,4'-DDT 

Worker 

3.59e-05 

JP-4  Fill  Stands 

Acenaphthylene 

Worker 

2.52e-06 

JP-4  Fill  Stands 

B  enz(a)anthracene 

Worker 

6.65e-05 

JP-4  Fill  Stands 

Benzene 

Worker 

1.20e-01 

JP-4  Fill  Stands 

Benzo(a)pyrene 

Worker 

5.40e-05 

JP-4  Fill  Stands 

Benzo(b)fluoranthene 

IIBSSlS^Hi 

7.55e-05 

JP-4  Fill  Stands 

Benzo(g,h,i)perylene 

3.23e-05 

JP-4  Fill  Stands 

Benzo(k)fluoranthene 

Worker 

6.21e-05 

JP-4  Fill  Stands 

Chrysene 

Worker 

6.73e-05 

JP-4  Fill  Stands 

Dibenz(a,h)anthracene 

Worker 

L50e-05 

JP-4  Fill  Stands 

Indeno(  1 ,2,3-cd)pyrene 

2.65e-05 

JP-4  Fill  Stands 

Lead 

jjfllKSBSSHI 

4.98e-04 

JP-4  Fill  Stands 

Pentachlorophenol 

Worker 

1.46e-05 

JP-4  Fill  Stands 

Phenanthrene 

Worker 

7.39e-05 

Million  Gallon  Hill 

2-Methylnaphthalene 

Worker 

5.96e-07 

Million  Gallon  Hill 

Benz(a)anthracene 

Worker 

2.81e-06 

Million  Gallon  Hill 

Worker 

6.15e-06 
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Site 

Chemical  : 

Receptor 

Class 

Maximum  Predicted 
Concentration  (ue/m?) 

Million  Gallon  Hill 

Benzo(b)fluoranthene 

Worker 

1.37e-05 

Million  Gallon  Hill 

Benzo(g,h,i)perylene 

Worker 

3.58e-06 

Million  Gallon  Hill 

Indeno(  1 ,2,3“Cd)pyrene 

Worker 

3.28e-06 

Million  Gallon  Hill 

Lead 

Worker 

2.50e-02 

Million  Gallon  Hill 

Phenanthrene 

Worker 

3.14e-06 

POL  Area 

2-Methylnaphthalene 

Worker 

2.386-04 

POL  Area 

Benz(a)anthracene 

Worker 

9.46e-07 

POL  Area 

Benzene 

Worker 

4.22e+00 

POL  Area 

Benzo(a)pyrene 

Worker 

6.37e-07 

POL  Area 

Benzo(b)fluoranthene 

Worker 

7.92e-07 

POL  Area 

Benzo(g,h,i)perylene 

Worker 

6.82e-07 

POL  Area 

Dibenz(a,h)anthracene 

Worker 

3.29e-07 

POL  Area 

Dieldrin 

Worker 

2.34e-07 

POL  Area 

Lead 

Worker 

1.71e-03 

POL  Area 

Phenanthrene 

Worker 

6.43e-06 

Power  Plant 

2“Hexanone 

Worker 

3.53e+00 

Power  Plant  . 

2-Methylnaphthalene 

Worker 

1.54e-04 

Power  Plant 

alpha-BHC 

Worker 

1.03e-07 

Power  Plant 

Aluminum 

Worker 

7.08e-02 

Power  Plant 

Beryllium 

Worker 

1.80e-06 

Power  Plant 

Dieldrin 

Worker 

5.66e-08 

Power  Plant 

Lead 

Worker 

2.78e-04 

Power  Plant 

Manganese  (food) 

Worker 

2.83e-03 

Waste  Accumulation  Area 

2-Methylnaphthalene 

Worker 

2.17e-07 

Waste  Accumulation  Area 

4,4’-DDD 

Worker 

6.17e-05 

Waste  Accumulation  Area 

4,4'-DDE 

Worker 

4.67e-06 

Waste  Accumulation  Area 

4,4’-DDT 

Worker 

8.25e-05 

Waste  Accumulation  Area 

Aldrin 

Worker 

1.19e-07 

Waste  Accumulation  Area 

Benz(a)anthracene 

Worker 

6.27e-06 

Waste  Accumulation  Area 

Benzo(a)pyrene 

Worker 

5.01e-06 

Waste  Accumulation  Area 

Benzo(b)fluoranthene 

Worker 

5.35e-06 

Waste  Accumulation  Area 

Benzo(g,h,i)perylene 

Worker 

2.59e-06 

Waste  Accumulation  Area 

Dibenz(a,h)anthracene 

Worker 

1.67e-06 

Waste  Accumulation  Area 

Dieldrin 

Worker 

2.87e-06 

Waste  Accumulation  Area 

gamma-BHC 

Worker 

l.lle-07 

Waste  Accumulation  Area 

Heptachlor  epoxide 

Worker 

1.87e-08 

Waste  Accumulation  Area 

Indeno(  1 ,2,3“Cd)pyrene 

Worker 

2.35e-06 

Waste  Accumulation  Area 

Lead 

Worker 

2.46e-03 

Waste  Accumulation  Area 

8.73e-06 
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Table  D-8 

Maximum  Predicted  Concentrations  for  Six-Month  Construction  Worker  Exposures 


Site 

Chemical 

Receptor 

Class 

Maximum  Predicted, 
Concliiitraiioii  (ue/m^) 

Building  1700 

2-Methylnaphthalene 

Worker 

3.73e-02 

Building  1700 

Arsenic 

Worker 

5.42e-03 

Building  1700 

Benzene 

Worker 

1.92e+02 

Building  1700 

bis(2-Ethylhexyl)phthalat 

Worker 

1.51e-02 

Building  1700 

Lead 

Worker 

5.06e-02 

Building  1700 

Phenanthrene 

Worker 

4.84e-04 

Building  1845 

2-Methylnaphthalene 

Worker 

1.05e-04 

Building  1845 

4,4'-DDD 

Worker 

9.56e-03 

Building  1845 

4,4'-DDT 

Worker 

3.54e-03 

Building  1845 

Aluminum 

Worker 

9.37e+00 

Building  1845 

Arsenic 

Worker 

8.89e-03 

Building  1845 

Beryllium 

2.49e-04 

Building  1845 

Lead 

7.75e-03 

Building  1845 

Manganese  (food) 

Worker 

4.59e-01 

Fire  Training  Area 

2-Hexanone 

8.38e+00 

Fire  Training  Area 

4,4'-DDT 

7.14e-04 

Fire  Training  Area 

Acenaphthylene 

Worker 

2.58e-04 

Fire  Training  Area 

Aldrin 

1.68e-05 

Fire  Training  Area 

Benz(a)anthracene 

7.90e-04 

Fire  Training  Area 

Benzene 

Worker 

1.29e+02 

Fire  Training  Area 

Benzo(a)pyrene 

Worker 

5.34e-04 

Fire  Training  Area 

Benzo(b)fluoranthene 

Worker 

3.39e-04 

Fire  Training  Area 

Benzo(g,h,i)perylene 

l,66e-04 

Fire  Training  Area 

Dibenz(a,h)anthracene 

2.85e-05 

Fire  Training  Area 

Heptachlor  epoxide 

Worker 

5.45e-06 

Fire  Training  Area 

HpCDD  Totals 

Worker 

1.78e-07 

Fire  Training  Area 

Lead 

Worker 

L07e-01 

Fire  Training  Area 

OCDD 

Worker 

1.17e-06 

Fire  Training  Area 

Phenanthrene 

Worker 

1.44e-02 

JP-4  Fill  Stands 

1 , 1 ,2,2-Tetrachloroethane 

Worker 

1.90e+00 

JP-4  Fill  Stands 

2-Hexanone 

Worker 

2.48e-01 

JP-4  Fill  Stands 

2-Methylnaphthalene 

Worker 

3.47e-02 

JP-4  Fill  Stands 

4,4'-DDD 

Worker 

1.05e-03 

JP-4  Fill  Stands 

4,4'-DDE 

Worker 

4.90e-04 

JP-4  Fill  Stands 

4,4'-DDT 

Worker 

3.15e-03 

JP-4  Fill  Stands 

Acenaphthylene 

2.22e-04 

JP-4  Fill  Stands 

Benz(a)anthracene 

5.84e-03 

JP-4  Fill  Stands 

Benzene 

Worker 

8.53e+01 

JP-4  Fill  Stands 

4.75e-03 
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Site 

Chemical 

Receptor 

Class 

Maximum  Prcsi^cted 
Concentration  (ue/m^) 

JP-4  Fill  Stands 

Benzo(b)fluoranthene 

Worker 

6.63e-03 

JP-4  Fill  Stands 

Benzo(g,h,i)perylene 

Worker 

2.84e-03 

JP-4  Fill  Stands 

Benzo(k)fluoranthene 

Worker 

5.45e-03 

JP-4  Fill  Stands 

Chrysene 

Worker 

5.91e-03 

JP-4  Fill  Stands 

Dibenz(a,h)anthracene 

Worker 

1.32e-03 

JP-4  Fill  Stands 

Indeno(  1 ,2,3-cd)pyrene 

Worker 

2.33e-03 

JP-4  Fill  Stands 

Lead 

Worker 

4.37e-02 

JP-4  Fill  Stands 

Pentachlorophenol 

Worker 

1.28e-03 

JP-4  Fill  Stands 

Phenanthrene 

Worker 

6.49e-03 

Million  Gallon  Hill 

2-Methylnaphthalene 

Worker 

1.59e-04 

Million  Gallon  Hill 

Acenaphthylene 

Worker 

1.32e-05 

Million  Gallon  Hill 

Benz(a)anthracene 

Worker 

2.37e-04 

Million  Gallon  Hill 

Benzo(a)pyrene 

Worker 

5.17e-04 

Million  Gallon  Hill 

Benzo(b)fluoranthene 

Worker 

1.16e-03 

Million  Gallon  Hill 

Benzo(g,h,i)perylene 

Worker 

3.01e-04 

Million  Gallon  Hill 

Dibenz(a,h)anthracene 

Worker 

6.87e-05 

Million  Gallon  Hill 

Indeno(  1 ,23-cd)pyrene 

Worker 

2.77e-04 

Million  Gallon  Hill 

Lead 

Worker 

2.11e+00 

Million  Gallon  Hill 

Phenanthrene 

Worker 

2.64e-04 

POL  Area 

2-Methylnaphthalene 

Worker 

5.31e-02 

POL  Area 

Benz(a)anthracene 

Worker 

7.64e-05 

POL  Area 

Benzene 

Worker 

2.82e+03 

POL  Area 

Benzo(a)pyrene 

Worker 

5.15e-05 

POL  Area 

Benzo(b)fluoranthene 

Worker 

6.40e-05 

POL  Area 

Benzo(g,h,i)perylene 

Worker 

5.51e-05 

POL  Area 

Dibenz(a,h)anthracene 

Worker 

2.66e-05 

POL  Area 

Dieldrin 

Worker 

1.89e-05 

POL  Area 

Lead 

Worker 

1.38e-01 

POL  Area 

Phenanthrene 

Worker 

5.19e-04 

Power  Plant 

2-Hexanone 

Worker 

1.92e+00 

Power  Plant 

2-Methylnaphthalene 

Worker 

1.27e-02 

Power  Plant 

alpha-BHC 

Worker 

8.45e-06 

Power  Plant 

Aluminum 

Worker 

5.816+00 

Power  Plant 

Arsenic 

Worker 

5.28e-03 

Power  Plant 

Beryllium 

Worker 

1.64e-04 

Power  Plant 

Dieldrin 

Worker 

6.33e-06 

Power  Plant 

gamma-BHC 

Worker 

2.64e-05 

Power  Plant 

Heptachlor  epoxide 

Worker 

6.33e-06 

Power  Plant 

Lead 

Worker 

2.28e-02 
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(Continued) 


Site 

Chemical 

Receptor 

Class 

Manmum  Predicted 
Concentration 

Power  Plant 

Manganese  (food) 

Worker 

2.32e-01 

Waste  Accumulation  Area 

2-Methylnaphthalene 

Worker 

4.05e-05 

Waste  Accumulation  Area 

4,4’-DDD 

Worker 

5.36e-03 

Waste  Accumulation  Area 

4,4'-DDE 

Worker 

4.06e-04 

Waste  Accumulation  Area 

4,4’-DDT 

Worker 

7.17e-03 

Waste  Accumulation  Area 

Aldrin 

Worker 

1.03e-05 

Waste  Accumulation  Area 

Benz(a)anthracene 

Worker 

5.44e-04 

Waste  Accumulation  Area 

Benzo(a)pyrene 

Worker 

4.35e-04 

Waste  Accumulation  Area 

Benzo(b)fluoranthene 

Worker 

4.65e-04 

Waste  Accumulation  Area 

Benzo(g,h,i)perylene 

Worker 

2.25e-04 

Waste  Accumulation  Area 

Dibenz(a,h)anthracene 

Worker 

!  L45e-04 

Waste  Accumulation  Area 

Dieldrin 

Worker 

2.49e-04 

Waste  Accumulation  Area 

gamma-BHC 

Worker 

9.66e-06 

Waste  Accumulation  Area 

Heptachlor  epoxide 

Worker 

1.63e-06 

Waste  Accumulation  Area 

Indeno(  1 ,2,3“Cd)pyrene 

Worker 

2.04e-04 

Waste  Accumulation  Area 

Lead 

Worker 

2.14e-01 

JKaste  Accumulation  Area 

7.58e-04 
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Table  D-9 

Maximum  Predicted  Concentrations  for  Three-Month  Construction  Worker  Exposures 


Site 

Chemical 

Receptor 

Class 

KftJifflfflil.iill 

Building  1700 

2-Methylnaphthalene 

Worker 

3.64e-02 

Building  1700 

Arsenic 

Worker 

5.28e-03 

Building  1700 

Benzene 

Worker 

L87e+02 

Building  1700 

bis(2-Ethylhexyl)phthalat 

Worker 

1.47e-02 

Building  1700 

Lead 

Worker 

4.93e-02 

Building  1700 

Phenanthrene 

Worker 

4.72e-04 

Building  1845 

2-Methylnaphthalene 

Worker 

1.02e-04 

Building  1845 

4,4’-DDD 

Worker 

9.30e-03 

Building  1845 

4,4'-DDT 

Worker 

3.44e-03 

Building  1845 

Aluminum 

Worker 

9.11e+00 

Building  1845 

Arsenic 

Worker 

8.65e-03 

Building  1845 

Beryllium 

Worker 

2.42e-04 

Building  1845 

Lead 

Worker 

7.53e-03 

Building  1845 

Manganese  (food) 

Worker 

4.46e-01 

Fire  Training  Area 

2-Hexanone 

Worker 

8.16e+00 

Fire  Training  Area 

4,4'-DDT 

Worker 

6.95e-04 

Fire  Training  Area 

Acenaphthylene 

Worker 

2.52e-04 

Fire  Training  Area 

Aldrin 

Worker 

1.64e-05 

Fire  Training  Area 

Benz(a)anthracene 

Worker 

7.69e-04 

Fire  Training  Area 

Benzene 

Worker 

1.26e+02 

Fire  Training  Area 

Benzo(a)pyrene 

Worker 

5.20e-04 

Fire  Training  Area 

Benzo(b)fluoranthene 

Worker 

3.30e-04 

Fire  Training  Area 

Benzo(g,h,i)perylene 

Worker 

1.62e-04 

Fire  Training  Area 

Dibenz(a,h)anthracene 

Worker 

2.78e-05 

Fire  Training  Area 

Heptachlor  epoxide 

Worker 

5.31e-06 

Fire  Training  Area 

HpCDD  Totals 

Worker 

1.74e-07 

Fire  Training  Area 

Lead 

Worker 

1..04e-01 

Fire  Training  Area 

OCDD 

Worker 

1.14e-06 

Fire  Training  Area 

Phenanthrene 

Worker 

L40e-02 

JP-4  Fill  Stands 

1 , 1 ,2,2-Tetrachloroethane 

Worker 

L86e4-00 

JP-4  Fill  Stands 

2-Hexanone 

Worker 

2.43e-01 

JP-4  Fill  Stands 

2-Methylnaphthalene 

Worker 

3.40e-02 

JP-4  Fill  Stands 

4,4'-DDD 

Worker 

1.03e-03 

JP-4  Fill  Stands 

4,4’-DDE 

Worker 

4.80e-04 

JP-4  Fill  Stands 

4,4'-DDT 

Worker 

3.09e-03 

JP-4  Fill  Stands 

Acenaphthylene 

Worker 

2.17e-04 

JP-4  Fill  Stands 

Benz(a)anthracene 

Worker 

5.73e-03 

JP-4  Fill  Stands 

Benzene 

Worker 

8.36e+01 

JP-4  Fill  Stands 

Benzo(a)pyrene 

4.65e-03 
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Site 

Chemical 

Receptor 

Class 

Maximum  Predicted 
Concentration  (uvJw?) 

JP-4  Fill  Stands 

Benzo(b)fluoranthene 

Worker 

6.50e-03 

JP-4  Fill  Stands 

Benzo(g,h,i)perylene 

Worker 

2.78e-03 

JP-4  Fill  Stands 

Benzo(k)fluoranthene 

Worker 

5.35e-03 

JP-4  Fill  Stands 

Chrysene 

Worker 

5.80e-03 

JP-4  Fill  Stands 

Dibenz(a,h)anthracene 

Worker 

1.30e-03 

JP-4  Fill  Stands 

Indeno(  1 ,2,3-cd)pyrene 

Worker 

2.28e-03 

JP-4  Fill  Stands 

Lead 

Worker 

4.28e-02 

JP-4  Fill  Stands 

Pentachlorophenol 

Worker 

1.26e-03 

JP-4  FUl  Stands 

Phenanthrene 

Worker 

6.37e-03 

Million  Gallon  Hill 

2-Methylnaphthalene 

Worker 

1.55e-04 

Million  Gallon  Hill 

Acenaphthylene 

Worker 

L29e-05 

Million  Gallon  Hill 

Benz(a)anthracene 

Worker 

2.30e-04 

Million  Gallon  Hill 

Benzo(a)pyrene 

Worker 

5.03e-04 

Million  Gallon  Hill 

Benzo(b)fluoranthene 

Worker 

1.12e-03 

Million  Gallon  Hill 

Benzo(g,h,i)perylene 

Worker 

2.93e-04 

Million  Gallon  Hill 

Dibenz(a,h)anthracene 

Worker 

6.68e-05 

Million  Gallon  Hill 

Indeno(l  ,2,3'Cd)pyrene 

Worker 

2.69e-04 

Million  Gallon  Hill 

Lead 

Worker 

2.05e+00 

Million  Gallon  Hill 

Phenanthrene 

Worker 

2.57e-04 

POL  Area 

2-Methylnaphthalene 

Worker 

5.15e-02 

POL  Area 

B  enz(a)anthracene 

Worker 

7.42e-05 

POL  Area 

Benzene 

Worker 

2.74e+03 

POL  Area 

Benzo(a)pyrene 

Worker 

5.00e-05 

POL  Area 

Benzo(b)fluoranthene 

Worker 

6.21e-05 

POL  Area 

Benzo(g,h,i)perylene 

Worker 

5.35e-05 

POL  Area 

Dibenz(a,h)anthracene 

Worker 

2.58e-05 

POL  Area 

Dieldrin 

Worker 

1.84e-05 

POL  Area 

Lead 

Worker 

1.34e-01 

POL  Area 

Phenanthrene 

Worker 

5.04e-04 

Power  Plant 

2-Hexanone 

Worker 

1.87e+00 

Power  Plant 

2-Methylnaphthalene 

Worker 

1.24e-02 

Power  Plant 

alpha-BHC 

Worker 

8.23e-06 

Power  Plant 

Aluminum 

Worker 

5.666+00 

Power  Plant 

Arsenic 

Worker 

5.156-03 

Power  Plant 

Beryllium 

Worker 

1.606-04 

Power  Plant 

Dieldrin 

Worker 

6.18e-06 

Power  Plant 

gamma-BHC 

Worker 

2.57e-05 

Power  Plant 

Heptachlor  epoxide 

Worker 

6.186-06 

Power  Plant 

Lead 

Worker 

2.22e-02 
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Table  E-3 
(Continued) 
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Table  E-4 


West  Unit  Surface  Soil  Exposure  Concentrations 


Surface  Soil  95%  UCL  (mg/kg) 

n— 

I3B9 

IB39I 

Chemical 

^AA 

MGH 

PPUST#4 

JP^  Fills tands 

iiTTHTOiTil 

2-Hexanone 

0 

0 

lAb 

0 

0 

2.80E-01 

2-Methylnaphthalene 

0.01626 

24  b 

0.4843 

- 

0.044  b 

4.92E-K)0 

4.61 

0.057  b 

0.802 

- 

- 

1.38E-K)0 

0.349 

0.017  b 

0.3729 

- 

- 

1.88E-01 

1 

6.167 

0.015  b 

2.399 

- 

2.18E400 

Acenaphthylene 

0 

0 

0 

0.1687 

- 

0 

3.37E-02 

Aldrin 

0.00889 

0 

0.00064 

2.41E-03 

alpha-BHC 

0.00052 

0.016  b 

0.00022 

- 

4.51E-03 

6300 

11000  b 

15000 

- 

“ 

1.08E+04 

Arsenic 

12 

32  b 

17 

8.09  b 

2.18E-K)1 

Benz(a)anthracene 

0.4684 

0.146901 

0 

4.447 

~ 

0 

I.OIE+OO 

Benzene 

0.00056 

0 

0.00073 

- 

6.6  b 

1.32E-K)0 

Benzo(a)pyrene 

0.37452 

0 

3.613 

0 

8.62E-01 

Benzo(b)fluoranthene 

0 

5.051 

- 

0 

1.23E-K)0 

Benzo(g,h,i)peiylene 

0.19377 

0.1869 

0 

2.1624 

- 

0 

5.09E-01 

Benzo(k)fluoranthene 

0.4 

0.72  b 

0 

4.1516 

“ 

0 

1.05E-K)0 

Beryllium 

0.14 

0.3 

0.28  b 

0 

- 

1.80E-01 

Chrysene 

0.57 

0.4  b 

0 

- 

0 

1.09E-K)0 

Dibenz(a,h)anthracene 

0.12471 

0 

0 

■EBB 

- 

0 

2.26E-01 

Oieldrin 

0.2146 

0.0013 

0.0088  b 

0 

“ 

5.62E-02 

gamma-BHC 

0.0017  b 

0.015  b 

0.00048 

6.37E-03 

Heptachlor  epoxide 

0.0014 

0.0015 

0 

0.00073 

- 

HI 

9.08E-04 

Indeno(l  ,2,3-cd)pyrene 

0.17547 

0.1716 

0 

1.7723 

HPi 

4.24E-01 

Lead 

184.158 

1306.965 

43.2  b 

33.27 

3.29E402 

Manganese 

240 

480 

440  b 

16 

- 

- 

2.35E402 

Pentachlorophenol 

0 

0 

0 

0.9769 

- 

0 

1.95E-01 

0.6525 

0.1639 

0 

4.9436 

- 

0 

1.15E+00 

a  If  the  maximum  detected  concentration  is  lower  than  the  95%  UCL,  it  is  reported  instead  of  the  UCL. 

A  value  of  0  is  reported  only  if  the  chemical  was  not  detected  in  any  samples  from  that  source  area, 
b  Maximum  detected  concentration. 

—  =  Analyte  was  not  tested  in  medium. 

NOTE:  If  the  value  is  printed  in  bold  type,  the  chemical  was  identified  as  a  COPC  in  that  source  area. 


WAA  =  Waste  Accumulation  Area 
MGH  =  Million  Gallon  Hill 
PP  =  Power  Plant 
UST  =  Underground  Storage  Tank 
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Table  E-5 


West  Unit  Subsurface  Soil  Exposure  Concentrations 


iChemical 


Subsurface  Soil  95%  UCL  (mg/kg)  a 


WAA 

MGH 

PPUST#49 

JP-4  Fillstands 

Bldg  1845 

Bldg  1700 

(mg/kg) 

0 

0 

1.436 

0 

0 

2.39E-01 

0 

0 

0 

0 

1.21E-02 

0.0348 

0.0989 

15  b 

26.407 

0.11  b 

56.7  b 

1.64E+01 

0.035  b 

0.021  b 

0.24  b 

0.29  b 

10  b 

- 

2.12E-K)0 

0.022 

0.037  b 

0.038  b 

3.7  b 

- 

8.33E-01 

0 

0.00821 

0 

0 

0 

0 

1.37E-03 

1.00035 

0 

0.011  b 

0 

0.0018  b 

2.63E-03 

11000 

12000 

9900  b 

13000 

9800  b 

- 

1.11E-K)4 

11 

mmm 

10  b 

10 

9.3  b 

8.23  b 

9.76E+00 

0.02 

0 

0.016 

0 

0 

1.87E-02 

0 

0 

12.005 

0 

68  b 

1.33E-K)1 

0.0201 

0.124 

0 

0.038 

0 

0 

3.04E-02 

0.024 

0.278 

0 

0.0293 

0 

0 

5.52E-02 

0 

mmm 

0 

0.0201335 

0 

0 

1.60E-02 

0.28 

0.27 

0.29 

0.26  b 

- 

2.82E-01 

0.025 

0.98  b 

2.4  b 

0 

22.9  b 

4.90E-K)0 

0 

0.0426 

0 

0 

0 

7.10E-03 

1.00037 

0.0004  b 

0.0011  b 

0 

- 

2.77E-03 

1.00057 

0 

0 

0.00065  b 

- 

1.02E-02 

).00035 

0 

0.00015  b 

0.0013  b 

- 

2.76E-03 

0 

0.0412 

0 

0.03  b 

0 

0 

1.19E-02 

12  b 

12 

9.5  b 

3 

8.1  b 

19  b 

1.06E+01 

420 

450 

370  b 

490 

480  b 

- 

4.42E+02 

0.0236 

0.133 

0 

0.1001 

0 

0.736  b 

1.65E-01 

Average 


1 , 1 ,2,2-Tetrachloroethane 

2-Hexanone 

2-Methylnaphthalene 

4,4’-DDD 

4,4’-DDT 

Acenaphthylene 

alpha-BHC 

UAluminum 


L\rsenic 

Benz(a)anthracene 

Benzene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g4i,i)perylene 

Beryllium 

bis(2-Ethylhexyl)phthalate 


Dibenz(aji)anthracene 

Dieldrin 
gamma-BHC 
Heptachlor  epoxide 
Indeno(l  ,2,3-cd)pyrene 
Lead 

Manganese 

Phenanthrene 


a  If  the  maximum  detected  concentration  is  lower  than  the  95%  UCL,  it  is  reported  instead  of  the  UCL. 

A  value  of  0  is  reported  only  if  the  chemical  was  not  detected  in  any  samples  from  that  source  area, 
b  Maximum  detected  concentration. 

-  =  Analyte  was  not  tested  in  medium. 

NOTE:  If  the  value  is  printed  in  bold  type,  the  chemical  was  identified  as  a  COPC  in  that  source  area. 


WAA=  Waste  Accumulation  Area 
MGH  =  Million  Gallon  Hill 
pp  =  Power  Plant 
USX  =  Underground  Storage  Tanks 
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West  Unit  Fugitive  DustA^apors  Air  Exposure  Concentrations  for  On-Base  Workers 
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West  Unit  Fugitive  DustA^apors  Air  Exposure  Concentrations  for  Construction  Workers  Average  Scenario 
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West  Unit  Fugitive  DustA^apors  Air  Exposure  Concentrations  for  Construction  Workers  Reasonable  Maximum 

Scenario 
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Appendix  F 

Human  Health  Intake  Equations  and  Exposure  Parameters 


APPENDIX  F 
TABLE  OF  CONTENTS 


F-1 

F-2 

F-3 

F-4 

F-5 

F-6 

F-7 

F-8 

F-9 


Page 


General  Parameters  .  F-1 

Ingestion  of  Soil  .  F-2 

Ingestion  of  Groundwater  .  F-3 

Ingestion  of  Fruit  .  F-4 

Ingestion  of  Vegetables  .  F-5 

Dermal  Contact  with  Soil  .  F-6 

Dermal  Contact  with  Groundwater  .  F-7 

Inhalation  of  Fugitive  Dust/ Vapors  .  F-8 

Inhalation  of  Vapors  While  Showering  .  F-9 
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proposed  in  the  Human  and  Ecological  Baseline  Risk  Assessment  Protocol  for  Galena 
Airport  and  Campion  Air  Force  Station,  Alaska  (USAF,  1995)  and  revised  in  response 
to  ADEC  comments  and  in  accordance  with  discussions  that  occurred  at  a  4/19/95 
meeting  attended  by  representatives  of  ADEC,  Shannon  &  Wilson  (ADEC 
Contractor),  USAF,  and  Radian  Corporation  (USAF  contractor).  Some  of  the  intake 
equations  listed  in  this  appendix  may  not  apply  to  sites  that  are  the  subject  of  this  risk 
assessment  report. 
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Table  F-1 

General  Parameters 


Exposure  Parameter 

Value 

II  Selection  Rationale  (Reference) 

GENERAL  PARAMETERS 

lAveraging  Time  (AT) 

Non-carcinogens 

Varies 

days 

Calculated  as  ED  x  365  days/yr  (USUSEPA,  1989a). 

Carcinogens 

25550 

days 

Default  value  =  70  yrs  X  365  days/yr  (USEPA,  1989a). 

Body  Weight  (BW) 

Adult  Residents 

70 

kg 

Default  value  for  adults  (USEPA,  1991a). 

Child  Residents 

15 

kg 

Default  value  for  children  (USEPA,  1991a). 

All  Workers 

70 

kg 

Default  value  for  adults  (USEPA,  1991a). 

Boarding  Students 

-  Average 

61.2 

kg 

Calculated  mean  for  high  school  aged  boys  and  girls  15-18  years 
old  (USEPA,  1989b). 

-  Reasonable  Maximum 

48.6 

kg 

Calculated  mean  for  boys  and  girls  6-20  years  old,  elementary 
through  high  school  (USEPA,  1989b). 

Exposure  Duration  (ED) 

Average 

On-Base  Residents 

Short  Term 

2 

yr 

Caretaker  expected  to  live  on  the  base  from  2  to  5  years. 

Long  Term  -  Adult 

9 

yr 

National  average  time  at  one  residence  (USEPA,  1989b). 

j^H  Long  Term  -  Child 

6 

yr 

Default  value  (USEPA,  1991a). 

r^Galena  Residents 

Adult 

24.5 

yr 

Average  length  of  residency  in  Galena  (ADF&G,  1990). 

Child 

6 

yr 

Default  value  (USEPA,  1991a). 

On-Base  Workers 

Short  Term 

2 

yr 

Caretaker  expected  to  work  from  2  to  5  years  on  the  base. 

Long  Term 

25 

yr 

Default  value  (USEPA,  1991a). 

Construction  Workers 

0.25 

yr 

Assumes  construction  will  last  3  to  6  months. 

Boarding  Students 

4 

yr 

Assumes  student  attends  grades  9-12  at  boarding  school. 

Reasonable  Maximum 

On-Base  Residents 

Short  Term 

5 

yr 

Caretaker  expected  to  live  on  the  base  from  2  to  5  years. 

Long  Term  -  Adult 

25 

yr 

Default  value  (USEPA,  1991a). 

Long  Term  -  Child 

6 

yr 

Default  value;  from  birth  to  6  years  (USEPA,  1991a). 

Galena  Residents 

Adult 

70 

F 

Based  on  lifetime  residency  in  Galena. 

Child 

6 

F 

Default  value;  from  birth  to  6  years  (USEPA,  1991a). 

On-Base  Workers 

Short  Term 

5 

F 

Caretaker  expected  to  work  from  2  to  5  years  on  the  base. 

Long  Term 

25 

yr 

Default  value  (USEPA,  1991a). 

Construction  Workers 

0.5 

F 

Assumes  construction  will  last  3  to  6  months. 

r““ 

14 

F 

Assumes  student  attends  grades  1-12  at  boarding  school  and 
repeats  two  years  at  same  school. 

Galena  Airport  Baseline  Risk  Assessments 
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Table  F-2 
Ingestion  of  Soil 


Exposure  Parameter  | 

Value 

j  Selection  Rationale  (Reference) 

INGESTION  OF  SOIL 

Intake  (mg/kg-day)  =  (CsxIRxFx  EFx  ED  x  CF)/(BWxAT) 

Concentration  in  Soil  (C$) 

Varies 

mg/kg 

Chemical-specific  value. 

Ingestion  Rate  (IR) 

Average 

All  Workers 

50 

mg/day 

Default  value  for  workers  (USEPA,  1991a). 

Boarding  Students 

100 

mg/day 

Amount  consumed  by  individuals  7  years  and  older  (USEPA,  1991a). 

Reasonable  Maximum 

Short  Term  Workers 

50 

mg/day 

Default  value  for  workers  (USEPA,  1991a). 

Long  Term  Workers 

50 

mg/day 

Default  value  for  workers  (USEPA,  1991a). 

Construction  Workers 

480 

mg/day 

Default  value  for  construction  workers  (USEPA,  1991a). 

Boarding  Students 

Faction  Ingested  from 

100 

mg/day 

Contaminated  Source  (F) 

Average  &  Reasonable  Maximum 

All  Workers 

1 

unitless 

Assumes  100%  from  contaminated  source. 

Boarding  Students 

1 

unitless 

Assumes  100%  from  contaminated  source. 

Exposure  Frequency  (EF) 

Average  &  Reasonable  Maximum 

On-Base  Workers 

150 

day/yr 

Assumes  250  work  days  a  year,  100  days  (5  months  x  20  days/month)  of 
snow  cover,  and  that  the  snow  will  prevent  direct  contact  with  soil. 

Construction  Workers 

260 

day/yr 

Niunber  of  work  days  a  year.  Since  the  exposure  duration  (page  1)  is  3-6 
months,  exposure  is  limited  to  the  days  when  soil  is  not  snow-covered. 

Boarding  Students 

120 

day/yr 

Assumes  students  board  for  270  days  a  year  (9  months),  150  days 
(5  months)  of  snow  cover,  and  that  the  snow  will  prevent  direct 
contact  with  soil. 

Conversion  Factor  (CF) 

0.000001 

kg/mg 

Note:  (ED),  (BW)  and  (AT)  are  general  parameters.  Please  refer  to  page  1  for  their  values. 

Galena  Airport  Baseline  Risk  Assessments 
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Table  F-3 

Ingestion  of  Groundwater 


Exposure  Parameter  ||  Value  |  Selection  Rationale  (Reference) 


INGESTION  OF  GROUNDWATER** 

Intake  (mg/kg-day)  =  (CwxIRxEFxED)/(BWxAT} 


Concentration  in  Water  (Cw) 

Varies 

mg/L 

Chemical-specific  value. 

Ingestion  Rate  (IR) 

Average 

Adult  Residents 

1.4 

L/day 

Adult  average  (USEPA,  1989b). 

Child  Residents 
IBfonable  Maximum 

Adult  Residents 

1 

L/day 

Default  value  for  children  (USEPA,  1991a). 

2 

L/day 

Default  value  for  adults  (USEPA,  1991a). 

Child  Residents 

1 

L/day 

Default  value  for  children  (USEPA,  1991a). 

Exposure  Frequency  (EF) 
Average 

All  Residents 

275 

day/yr 

On  average,  people  spend  75%  of  their  time  at  home.  75  percent  of  a 

Reasonable  Maximum 

All  Residents 

350 

day/yr 

full  year  equals  275  days/year  (USEPA,  1991a). 

Default  value;  365  days/year  minus  2  weeks  vacation  (USEPA,  1991a). 

**  This  pathway  is  only  applicable  if  groundwater  modeling  shows  Old  Town  Galena  to  be  downgradient  of  the  base. 

Note:  (ED),  (BW)  and  (AT)  are  general  parameters.  Please  refer  to  page  1  for  their  values. 
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Table  X-4 
Ingestion  of  Fruit 


Exposure  Parameter 

1  Value 

Selection  Rationale  (Reference) 

INGESTION  OF  FRUIT 

Intake  (mg/kg-day)  =  (Cf xIRxFx  EFx  ED)  /(BWxAT) 

Concentration  in  Fruit  (Cf) 

Varies 

mg/kg 

Chemical-speciBc  value. 

Ingestion  Rate  (IR)* 

Average 

Adults 

Children 

Reasonable  Maximum 

Adults 

Children 

0.17 

0.13 

0.24 

0.19 

kg/day 

kg/day 

kg/day 

kg/day 

Based  on  daily  intake  rate  for  fruit  (Pao  et  at 1982). 

Based  on  daily  intake  rate  for  fruit  (Pao  et  al 1982). 

Based  on  daily  intake  rate  for  fruit  (Pao  et  al .,  1982). 

Based  on  daily  intake  rate  for  fruit  (Pao  et  al .,  1982). 

Faction  Ingested  from 
Contaminated  Source  (F)* 

Average  0.2  unitless  Average  fraction  of  fruit  eaten  that  is  home  grown  (USEPA,  1989a). 


Reasonable  Maximum 

0.3 

unitless 

Worst-case  fraction  of  fruit  eaten  that  is  home  grown  (USEPA,  1989a). 

Exposure  Frequency  (EF) 

Average 

275 

days/yr 

On  average,  people  spend  75%  of  their  time  at  home.  75  percent  of  a 
full  year  equals  275  days/year  (USEPA  Region  X,  1991b). 

Reasonable  Maximum 

350 

days^ 

Default  value;  365  days/year  minus  2  weeks  vacation  (USEPA,  1991a). 

Note:  (ED),  (BW)  and  (AT)  are  general  parameters.  Please  refer  to  page  1  for  their  values. 
*  Site  specific  values  for  the  Galena  area,  if  available,  will  replace  national  values. 


Galena  Airport  Baseline  Risk  Assessments 


F-4 


EXPO-TAB.XLS  8/3/95  09:14  AM 


Table  F-5 

Ingestion  of  Vegetables 


Exposure  Parameter 

Value 

Selection  Rationale  (Reference) 

INGESTION  OF  VEGETABLES 

Intake  (mg4cg-day)  =  (Cv  xIRxFx  EFx  ED)/(BWxAT) 

Concentration  in 

Vegetables  (Cv) 

Ingestion  Rate  (IR)* 

Average 

Varies 

mg/kg 

Chemical-specific  value. 

Adults 

0.11 

kg/day 

Based  on  daily  intake  rate  for  vegetables  (Pao  et  al 1982). 

Children 

Reasonable  Maximum 

0.18 

kg/day 

Based  on  daily  intake  rate  for  vegetables  (Pao  et  al 1982). 

Adults 

Children 

Faction  Ingested  from 
Contaminated  Source  (F)* 

0.14 

kg/day 

Based  on  daily  intake  rate  for  vegetables  (Pao  et  al.,  1982). 

0.19 

kg/day 

Based  on  daily  intake  rate  for  vegetables  (Pao  et  al 1982). 

Average 

0.25 

unitless 

Average  finction  of  vegetables  eaten  that  is 
home  grown  (USEPA,  1989a). 

Reasonable  Maximum 

Exposure  Frequency  (£F) 

0.4 

imitless 

Worst-case  fiaction  of  vegetables  eaten  that  is 
home  grown  (USEPA,  1989a). 

Average 

275 

days/yr 

On  average,  people  spend  75%  of  their  time  at  home.  75  percent  of  a 
full  year  equals  275  days/year  (USEPA  Region  X,  1991b). 

Reasonable  Maximum 

350 

days/yr 

Default  value;  365  days/year  minus  2  weeks  vacation  (USEPA,  1991a). 

Note:  (ED),  (BW)  and  (AT)  are  general  parameters.  Please  refer  to  page  1  for  their  values. 

*  Site  specific  values  for  the  Galena  area,  if  available,  will  replace  national  valnes. 
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Table  F-6 

Dermal  Contact  with  Soil 


Exposure  Parameter 

Value 

Selection  Rationale  (Reference) 

DERMAL  CONTACT  WITH  SOIL 

■  Absorbed  Dose  (mg/kg-day)  =  (Cs  X  SA  xAFx  ABS  xEFx  ED  xCF)/(BWx  AT) 

Concentration  in  Soil  (Cs) 

Varies 

mg/kg 

Chemical-specific  value. 

Skin  Surface  Area  (SA) 

Average 

All  Workers 

5000 

cm''2/day 

Recommended  value  for  dermal  exposure  to  soil.  Calculated  as 

Boarding  Students 

4375 

cm''2/day 

25%  of  the  adult  mean  skin  SA  (USEPA,  1992). 

Calculated  as  25%  of  the  total  SA,  50th  percentile  value,  for  males 

Reasonable  Maximum 

All  Workers 

5000 

cm^2/(iay 

15  to  18  years  old  (USEPA,  1992). 

Recommended  value  for  dermal  exposure  to  soil.  Calculated  as 

Boarding  Students 

3113 

cm''2/day 

25%  of  the  adult  mean  skin  SA  (USEPA,  1992). 

Calculated  as  25%  of  the  total  SA,  50th  percentile  value,  for  males  _ 

Adherence  Factor  (AF) 

Average 

0.6 

mg/cm^2 

6  to  19  years  old  (USEPA,  1992). 

Default  value  (USEPA  Region  X,  1991b). 

Reasonable  Maximum 

1 

mg/cm^2 

Recommended  reasonable  upper  value  (USEPA,  1992). 

Absorption  Factor  (ABS) 

Varies 

unitless 

Chemical-specific  value. 

1% 

unitless 

Default  value  for  inorganic  chemicals  in  the  absence  of  specific  data. 

10% 

unitless 

Default  value  for  organic  chemicals  in  the  absence  of  specific  data. 

Exposure  Frequency  (£F) 

Average  &  Reasonable  Maximum 
On-Base  Workers 

150 

day/yr 

Assumes  250  work  days  a  year,  100  days  (5  months  x  20  days/month)  of 

Construction  Workers 

260 

day^ 

snow  cover,  and  that  the  snow  will  prevent  direct  contact  with  soil. 

Number  of  work  days  a  year.  Since  the  exposure  duration  (page  1)  is  3-6 

Boarding  Students 

120 

day/yr 

months,  exposure  is  limited  to  the  days  when  soils  are  not  snow-covered. 

Assumes  students  board  for  270  days  a  year  (9  months),  150  days 

Conversion  Factor  (CF) 

0.000001 

kg/mg 

(5  months)  of  snow  cover,  and  that  the  snow  will  prevent  direct 
contact  with  soil. 

Note:  (ED),  (BW)  and  (AT)  are  general  parameters.  Please  refer  to  page  1  for  their  values. 
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Table  F-7 

Dermal  Contact  with  Groundwater 


Exposure  Parameter  ||  Value  ||  Selection  Rationale  (Reference) 


DERMAL  CONTACT  WITH  GROUNDWATER**  (Bathing) 

Absorbed  Dose  (mg/kg-day)  =  (CwxSA  x  PCx  ETx  EFx  ED  x  CF)/(BWxAT) 


Concentration  in  Water  (Cw) 

Varies 

mg/L 

Chemical-specific  value. 

Skin  Surface  Area  (SA) 

Average 

Adult  Residents 

20000 

Aproximate  mean  value  for  adults  (USEPA,  1992). 

Child  Residents 

7280 

cm''2 

50th  percentile  total  body  SA  for  males  3-6  years  (USEPA,  1989a). 

Reasonable  Maximum 

Adult  Residents 

20000 

cm''2 

Aproximate  mean  value  for  adults  (USEPA,  1992). 

Child  Residents 

7280 

cm''2 

50th  percentile  total  body  SA  for  males  3-6  years  (USEPA,  1989a). 

^^eability  Constant  (PC) 

Varies 

cm/hr 

Chemical-specific  value. 

Exposure  Time  (ET) 

Average 

All  Residents 

0.12 

hr/day 

Median  shower  time;  7  min/day  (USEPA,  1992). 

Reasonable  Maximum 

All  Residents 

0.17 

hr/day 

Recommended  reasonable  maximiun  value  (USEPA  Reg.  X,  1991b). 

Exposure  Frequency  (EF) 
Average 

All  Residents 

275 

day/yr 

On  average,  people  spend  75%  of  their  time  at  home.  75%  of  a 

Reasonable  Maximum 

All  Residents 

350 

day/yr 

full  year  equals  275  days^ear  (USEPA,  1991a). 

Default  value  (USEPA,  1991a). 

Conversion  Factor  (CF) 

0.001 

L/cm'^3 

**  This  pathway  is  only  applicable  if  groundwater  modeling  shows  Old  Town  Galena  to  be  downgradient  of  any  site. 

Note:  (ED),  (BW)  and  (AT)  are  general  parameters.  Please  refer  to  page  1  for  their  values. 
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Table  F-8 

Inhalation  of  Fugitive  Dust  /  Vapors 


Exposure  Parameter  |f 

Value 

Selection  Bationale  (Reference)  | 

II  —  II 

INHALATION  OF  FUGITIVE  DUSTA^APORS 

Effective  Air  Concentration  (ntg/m'^3)  =  (Ca  x  IRD  xETx  EF  x  ED) /(IRE  xAT) 

Concentration  in  Air  (Ca) 

Varies 

mg/m^3 

Chemical-specific  value. 

Breathing  Rate 

During  Exposure  (IRD) 

Average 

Adult  Residents 

0.833 

m''3/hr 

Equivalent  to  adult  rate,  20  m3/day  (USEPA,  1991a). 

Child  Residents 

0.5 

m'^3/hr 

Default  value  for  children  (USEPA  Region  III,  1995). 

Short  Term  Workers 

0.833 

m^3/hr 

Equivalent  to  adult  rate,  20  m3/day  (USEPA,  1991a). 

Long  Term  Workers 

0.833 

m'^3/hr 

Equivalent  to  adult  rate,  20  m3/day  (USEPA,  1991a). 

Construction  Workers 

2.5 

m^3/hr 

Default  value  for  workers  (USEPA,  1991a). 

Boarding  Students 

0.833 

m^3/hr 

Equivalent  to  adult  rate,  20  m3/day  (USEPA,  1991a). 

Reasonable  Maximum 

Adult  Residents 

0.833 

m^3/hr 

Equivalent  to  adult  rate,  20  m3/day  (USEPA,  1991a). 

Child  Residents 

0.5 

m^3/hr 

Default  value  for  children  (USEPA  Region  HI,  1994). 

All  Workers 

2.5 

m''3/hr 

Default  value  for  workers  (USEPA,  1991a). 

Boarding  Students 

0.833 

m^3/hr 

Equivalent  to  adult  rate,  20  m3/day  (USEPA,  1991a). 

• 

Exposure  Time  (£T) 

Average  &  Reasonable  Maximum 

All  Residents 

24 

hr/day 

Indoor  and  ourdoor  air  assumed  to  be  equivalent. 

All  Workers 

8 

hr/day 

Default  value  (USEPA,  1991a). 

Boarding  Students 

24 

hr/day 

Indoor  and  ourdoor  air  assumed  to  be  equivalent. 

Exposure  Frequency  (EF) 

Average 

All  Residents 

275 

day/yr 

On  average,  people  spend  75%  of  their  time  at  home.  75  percent  of  a 

full  year  equals  275  days/year  (USEPA,  1991a). 

All  Workers 

250 

day/yr 

Assumes  a  5  day  work  week  for  50  weeks  (USEPA,  1991a). 

Boarding  Students 

270 

day/yr 

Assumes  students  board  for  270  days  a  year  (9  months). 

Reasonable  Maximum 

All  Residents 

350 

day/yr 

Default  value;  365  days/year  minus  2  weeks  vacation  (USEPA,  1991a). 

All  Workers 

250 

day/yr 

Assumes  a  5  day  work  week  for  50  weeks  (USEPA,  1991a). 

Boarding  Students 

270 

day/yr 

Assumes  270  school  days  a  year  (9  months). 

Daily  Breathing  Rate  (IRD) 
Average  &  Reasonable  Maximum 

Adult  Residents 

20 

m^3/day 

Default  value  for  adults  (USEPA,  1991a). 

Child  Residents 

12 

m^3/day 

Default  value  for  children  (USEPA  Region  IH,  1995). 

All  Workers 

20 

m^3/day 

Default  value  for  adults  (USEPA,  1991a). 

Boarding  Students 

20 

m^3/day 

Default  value  for  adults  (USEPA,  1991a). 

Note:  (ED),  (BW)  and  (AT)  are  general  parameters.  Please  refer  to  page  1  for  their  values. 
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Table  F-9 

Inhalation  of  Vapors  While  Showering 


Exposure  Parameter  If 

Value 

Selection  Rationale  (Reference) 

INHALATION  OF  VAPORS  WHILE  SHOWERING** 

Effective  Air  Concentration  (mg/m  ^■S)  =  (Ca  x  BRe  xETx  EF x  ED)  /  (BRd xAT) 

Concentration  in  Air  (Ca) 

Breathing  Rate 

During  Exposure  (BRe) 

Average  &  Reasonable  Maximiun 

Varies 

mg/m^'S 

Chemical-specific  value. 

All  Residents 

Exposure  Time  (EX) 

^^age 

0.6 

m^3/hr 

Inhalation  rate  for  all  age  groups  while  showering  (USEPA,  1989b). 

All  Residents 

K^onable  Maximum 

0.12 

hr/day 

Median  shower  time;  7niin/day  (USEPA,  1992). 

All  Residents 

Exposure  Frequency  (EF) 

Average 

0.17 

hr/day 

Recommended  reasonable  maximum  value  (USEPA  Region  X,  1991b). 

All  Residents 

Reasonable  Maximum 

275 

day/yr 

On  average,  people  spend  75%  of  their  time  at  home.  75  percent  of  a 
full  year  equals  275  days/year  (USEPA,  1991a). 

All  Residents 

Daily  Breathing  Rate  (BRd) 

Average  &  Reasonable  Maximum 

350 

day/yr 

Default  value;  365  days/year  minus  2  weeks  vacation  (USEPA,  1991a). 

Adult  Residents 

20 

m^3/day 

Default  value  for  adults  (USEPA,  1991a). 

Child  Residents 

12 

m^3/day 

Default  value  for  children  (USEPA  Region  III,  1995). 

**  This  pathway  is  only  applicable  if  groundwater  modeling  shows  Old  Town  Galena  to  be  downgradient  of  the  base. 

Note:  (ED),  (BW)  and  (AT)  are  general  parameters.  Please  refer  to  page  1  for  their  values. 
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G.l  Acetone 

In  studies  on  occupationally  exposed  workers  and  laboratory  volunteers, 
inhalation  exposure  to  acetone  concentrations  of  900  ppm  or  greater  has  resulted  in  respiratory 
tract  irritation.  Eye  irritation  has  also  accompanied  exposures  in  occupational  and  laboratory 
settings.  In  controlled  studies,  no  adverse  effects  on  liver  or  kidney  function  were  detected  in 
persons  exposed  to  500  ppm  for  2  hours.  Prolonged  exposure  to  higher  concentrations  of  acetone 
may  result  in  neurological  effects  such  as  dizziness  and  fatigue.  These  are  most  likely  due  to  the 
lipid  solvent  properties  of  acetone  which  may  interfere  with  transmembrane  ion  transport  (for 
review,  see  ATSDR,  1993).  Acetone  is  readily  absorbed  orally  by  humans  and  can  also  be 
absorbed  dermally.  Regardless  of  the  route  of  administration,  the  predominant  route  of  excretion 
is  in  the  expired  air.  Reliable  data  on  possible  teratogenic  and  carcinogenic  effects  of  acetone  in 
humans  are  not  reported  in  the  literature. 

In  a  90-day  oral  gavage  study,  albino  rats  received  2500, 500,  or  100  mg/kg-day 
(American  Biogenics,  1986).  Body  weights,  food  consumption,  clinical  chemistry,  hematology, 
histopathology  parameters,  as  well  as  organ  weights  and  organ-to-body  weight  ratios,  were 
measured.  Liver  weight  and  liver/body  weight  ratios  were  elevated  in  both  sexes  for  the  high 
dose  group.  There  were  statistically  significantly  increased  kidney  weights  in  females  at  500  and 
2500  mg/kg-day  and  increased  kidney-to-body  and  brain  weight  ratios  for  males  and  females  at 
2500  mg/kg-day.  Histopathologic  examination  revealed  a  marked  increase  of  severity  in  tubule 
degeneration  of  the  kidneys  and  hyaline  droplet  accumulation.  A  dose  response  was  observed. 

No  effects  were  seen  in  the  100  mg/kg-day  group.  The  No  Observable  Adverse  Effect  Level 
(NOAEL)  was  100  mg/kg-day  and  the  Lowest  Observable  Adverse  Effect  Level  (LOAEL)  was 
500  mg/kg-day  due  to  the  increased  liver  and  kidney  weights  in  conjunction  with  nephrotoxicity. 

Other  studies  in  animals  demonstrated  that  acetone  is  not  a  developmental  toxin. 
Phytotoxicity  occurred  only  at  doses  that  were  also  maternally  toxic.  Acetone  has  been  used  as 
the  solvent  in  carcinogenicity  studies  with  other  compounds  in  animals;  no  excess  tumor 
incidence  was  seen  in  the  solvent  control  animals.  This  absence  of  carcinogenicity  is  consistent 
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with  the  generally  negative  results  obtained  with  acetone  in  a  variety  of  short  term  genotoxicity 
studies  (ATSDR,  1993). 

IRIS  lists  the  chronic  oral  RfD  as  l.OE-01  mg/kg-day  based  on  the  rat  study 
described  above  (American  Biogenics,  1986).  An  uncertainty  factor  of  1000  was  used  in  the  RfD 
calculation  to  account  for  inter-  and  intraspecies  variation,  and  for  the  extrapolation  from 
subchronic  to  chronic  exposure.  IRIS  confidence  in  this  study  is  medium  since  a  moderate 
number  of  animals  was  used  and  an  extensive  number  of  clinical  parameters  were  analyzed. 

IRIS  confidence  in  the  oral  RfD  is  low  since  only  a  limited  number  of  studies  are  available. 

The  HEAST  subchronic  oral  RfD  is  l.OE+00  mg/kg-day.  Other  exposure 
guidelines  include  a  Threshold  Limit  Value  of  750  ppm  (8-hour  time  weighted  average) 

(ACGIH,  1993-1994),  an  acute  duration  (i.e.,  14  days  or  less)  Minimum  Risk  Level  of  0.4  ppm, 
and  an  intermediate  duration  (i.e.,  15-364  days)  Minimum  Risk  Level  of  0.2  ppm  (ATSDR, 

1993).  Inhalation  RfCs  were  not  available  in  IRIS  or  HEAST.  EPA  has  designated  acetone  as  a 
Group  D  carcinogen  (Not  Classifiable  as  a  Human  Carcinogen). 
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G.2  Aldrin 

Exposure  to  aldrin  is  not  extensive  because  it  breaks  down  very  rapidly  to  dieldrin 
(a  toxic  lipid-soluble  metabolite  of  aldrin  stored  in  adipose  tissue)  in  the  environment.  No 
increase  in  mortality  from  any  cause  has  been  reported  in  workers  who  have  been  employed  in 
the  manufacture  of  aldrin  for  more  than  four  years.  Information  regarding  the  respiratory  effects 
of  aldrin  in  humans  is  limited  and  conflicting.  One  occupational  exposure  study  indicates  that 
workers  demonstrate  no  new  pulmonary  disease  or  deterioration  of  existing  pulmonary  disease, 
although  a  similar  study  reported  significantly  increased  incidences  of  pneumonia  and  other 
pulmonary  diseases  (ATSDR,  Toxicological  Profile  for  Aldrin/Dieldrin,  1991).  Central  nervous 
system  excitation  culminating  in  convulsions  is  the  principal  toxic  effect  noted  in  occupational 
studies  of  workers  employed  in  the  manufacture  or  application  of  aldrin.  Short-term  exposure  to 
high  levels  of  aldrin  causes  convulsions  and  kidney  damage.  Reproductive  effects  and  liver 
effects  have  also  been  reported.  The  probable  oral  lethal  dose  for  humans  is  between  7  drops  and 
1  ounce  for  a  150  lb.  adult.  Victims  of  acute  exposure  may  have  convulsions  without  warning. 
Aldrin  can  also  bum  the  skin  and  eyes.  Long-term  exposures  to  lower  levels  of  aldrin  may  also 
cause  convulsions  as  a  result  of  aldrin's  potential  to  accumulate  within  the  body.  Long-term 
exposure  to  moderate  levels  of  aldrin  causes  headaches,  dizziness,  irritability,  vomiting,  or 
uncontrollable  muscle  movements.  A  condition  in  which  aldrin  causes  the  body  to  destroy  its 
own  blood  cells  has  been  noted  in  some  sensitive  people. 

The  carcinogenic  and  reproductive/developmental  effects  of  aldrin  in  humans  are 
currently  unknown.  Experimental  studies  indicate  that  animals  bom  to  mothers  that  were  fed 
aldrin  do  not  live  long.  Conflicting  results  have  been  obtained  in  animal  studies  with  regard  to 
the  teratogenic  potential  of  aldrin  as  well  as  its  effects  on  reproductive  ability.  One  study 
revealed  detectable  levels  of  dieldrin  could  be  found  in  the  human  placenta,  amniotic  fluid,  and 
fetal  blood.  These  results  suggest  that  dieldrin  can  pass  through  the  human  placenta  and 
accumulate  in  the  developing  fetus.  A  limited  number  of  epidemiologic  studies  examining  the 
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incidence  of  cancer  in  workers  exposed  to  aldrin  or  dieldrin  exist.  No  evidence  of  carcinogenic 
potential  in  humans  was  observed  in  these  studies  (ATSDR,  Toxicological  Profile  for 
Aldrin/Dieldrin,  1991). 

IRIS  lists  the  chronic  oral  RfD  for  aldrin  as  3.0E-05  mg/kg/day.  This  value  was 
determined  from  a  two-year  chronic  study  of  aldrin  in  rats.  The  experimental  groups  were  orally 
dosed  with  0, 0.5, 2,  10, 50, 100  or  150  ppm  (in  the  diet)  for  two  years.  Liver  lesions 
characteristic  of  chlorinated  insecticide  poisoning  were  observed  at  dose  levels  of  0.5ppm  and 
greater.  These  lesions  were  characterized  by  enlarged  centrilobular  heptic  cells,  with  increased 
cytoplasmic  oxyphilia,  and  peripheral  migration  of  basophilic  granules.  A  statistically  significant 
increase  in  liver-to-body  weight  ratio  was  observed  at  all  dose  levels.  Kidney  lesions  occurred  at 
the  highest  dose  levels.  Survival  was  markedly  decreased  at  dose  levels  of  50  ppm  and  greater. 

A  LOAEL  (lowest  observed  adverse  effect  level)  of  0.5  ppm  was  established  in  this  study.  A 
NOAEL  (no  observed  adverse  effect  level)  was  not  established.  Additional  data  are  fairly 
supportive  of  the  findings  from  the  critical  study. 

There  is  no  inhalation  RfD  or  RfC  for  aldrin.  HEAST  lists  the  subchronic  oral 
RfD  as  3.0E-05  mg/kg/day. 

The  uncertainty  factor  used  to  derive  the  RfD  for  aldrin  is  1000.  This  factor 
encompasses  the  uncertainties  of  extrapolation  from  animals  to  humans,  range  of  human 
sensitivities,  basing  the  RfD  on  a  LOAEL  rather  than  a  NOAEL.  The  confidence  level  for  the 
RfD  value  is  medium.  The  supporting  study  performed  histopathologic  analysis  but  lacked  other 
toxicologic  parameters.  Confidence  in  the  database  was  also  medium. 

Human  carcinogenicity  studies  are  inadequate,  but  animal  carcinogenicity  studies 
are  sufficient  to  classify  aldrin  as  Group  B2  -  Probable  Human  Carcinogen.  The  oral  slope  factor 
for  aldrin  is  listed  in  IRIS  as  1.7E+01  (mg/kg/day)  ‘;  and  the  inhalation  unit  risk  is  listed  as  4.9E- 
03  (yug/m^)‘‘.  After  chronic  ingestion  of  10  ppm  in  the  diet,  a  statistically  significant  increase  in 
hepatomas  in  mice  was  observed.  Most  of  these  tumors  were  liver  carcinomas.  The  study 
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treated  an  adequate  number  of  animals  for  a  large  proportion  of  their  lifetime  and  the  route  of 
treatment  was  appropriate.  HEAST  listed  an  inhalation  slope  factor  of  1.70E+01  (mg/kg/day)  '. 

G.3  Aluminum 

Despite  the  widespread  occurrence  of  aluminum  in  food,  drinking  water,  and  soil, 
there  is  little  indication  that  aluminum  is  toxic  by  ingestion  unless  it  is  present  in  high  quantities. 
Aluminum  compounds  can  affect  absorption  of  other  elements  in  the  gastrointestinal  tract  and  alter 
intestinal  function,  leading  to  a  variety  of  complications.  Other  systemic  toxicides  can  be  caused 
by  oral  exposure  to  relatively  high  levels  of  aluminum.  However,  aluminum  compounds  are  widely 
used  in  many  ways  including  antiperspirants  without  harmful  effects  to  the  skin  or  other  organs 
(ATSDR,  Toxicological  Profile  for  Aluminum,  1991). 

Workers  in  the  aluminum  industry  were  shown  to  have  an  increased  incidence  of 
asthma,  coughing,  decreased  pulmonary  function,  pulmonary  fibrosis,  and  several  types  of  cancer. 
However,  aluminum  cannot  be  definitively  identified  as  the  causal  agent  in  these  studies  because  of 
concurrent  exposure  to  other  toxic  chemicals.  In  addition,  smoking  was  not  considered  in  the 
evaluation  (ATSDR,  Toxicological  Profile  for  Aluminum,  1991). 

No  toxicity  information  is  currently  available  on  IRIS  or  HEAST. 

A  provisional  chronic  oral  reference  dose  of  1.0  E+0  (mg/kg/day)  was  obtained  from 
EPA  Region  m.  (USEPA,  1995). 
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G.4  Arsenic 

Large  oral  doses  (above  60,000  ppb  in  food  or  water)  of  inorganic  arsenic  can  produce 
death  in  humans.  Lower  levels  of  inorganic  arsenic  (300-30,000  ppb  in  food  or  water)  if  swallowed 
may  result  in  irritation  of  the  stomach  and  intestines,  with  symptoms  such  as  pain,  nausea,  vomiting, 
and  diarrhea.  Other  effects  associated  with  ingestion  of  arsenic  include  decreased  production  of  red 
and  white  blood  cells,  abnormal  heart  function,  blood-vessel  damage,  and  impaired  nerve  function 
causing  a  "pins  and  needles"  sensation  in  the  hands  and  feet.  Animal  studies  indicate  that  doses  of 
arsenic  large  enough  to  cause  illness  in  pregnant  females,  may  cause  low  birth  weight,  fetal 
malformations,  or  death  of  the  fetus.  However,  there  is  no  evidence  available  that  suggests  that 
arsenic  is  teratogenic  or  fetotoxic  (ATSDR,  1992). 

Long-term  oral  exposure  to  inorganic  arsenic  often  results  in  changes  in  the  skin.  The 
pattern  of  skin  changes  associated  with  arsenic  exposure  includes  darkening  of  the  skin  and  the 
appearance  of  "corns"  or  "warts"  on  the  palms,  soles,  and  torso.  These  skin  changes  are  not 
considered  to  be  a  health  concern.  However,  a  small  number  of  the  corns  may  ultimately  develop 
into  skin  cancer.  Ingestion  of  arsenic  has  also  been  reported  to  increase  the  risk  of  cancer  in  the 
liver,  bladder,  kidney,  and  lung  (ATSDR,  1992). 

Inhalation  of  high  levels  of  arsenic  usually  results  in  a  sore  throat  and  irritated  lungs. 
Changes  in  skin  patterns  may  also  be  experienced.  The  level  at  which  these  effects  are  likely  to 
occur  in  humans  is  uncertain,  but  is  probably  above  100  pg/m^  These  effects  usually  are  not  serious, 
but  inhaled  inorganic  arsenic  has  been  reported  to  increase  the  risk  of  lung  cancer.  However,  this 
has  been  observed  primarily  in  people  exposed  to  arsenic  in  or  around  smelters  (ATSDR,  1992). 

The  oral  RfD  for  arsenic  is  listed  in  IRIS  as  3.0E-04  mg/kg/day.  This  value  is 
supported  by  two  studies  using  human  populations  exposed  to  arsenic  in  well  water.  The  low  dose 
group  received  5-7  /.ig/L  and  the  high  dose  group  received  410  /wg/L  in  well  water.  The  exposure 
estimate  for  a  high  dose  is  410  /^g/L  x  3  L/day  x  (1/55  kg)  =  22  yug/kg-day  and  for  a  low  dose  is  5-7 
yUg/L  X  3  L/day  x  (1/55  kg)  =  0.3  -  0.4  yUg/kg-day.  The  incidences  of  blackfoot  disease, 
hyperpigmentation  and  keratosis  increased  with  dose  and  age.  Exposure  times  were  directly  related 
to  chronological  age  in  75%  of  the  cases.  This  study  reported  the  NOAEL  as  8.0E-04  mg/kg/day  and 
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the  LOAEL  as  1.4E-02  mg/kg/day.  The  critical  effect  was  hyperpigmentation,  keratosis,  and 
possible  vascular  complications.  HEAST  lists  a  value  of  3.00E-04  mg/kg/day  for  the  subchronic  oral 
RfD. 


The  uncertainty  factor  used  to  derive  the  oral  RfD  was  3.  This  factor  accounts  for  the 
lack  of  both  general  data  and  information  regarding  sensitive  individuals.  The  confidence  level  is 
medium.  An  extremely  large  number  of  people  (>40,000)  was  used  in  the  assessment,  but  doses 
were  not  well  characterized  and  other  contaminants  were  present.  The  supporting  human  toxicity 
database  is  extensive  but  somewhat  flawed.  The  database  does  support  the  choice  of  NOAEL,  hence 
the  confidence  rating  of  medium.  No  inhalation  RfD  or  RfC  values  are  listed  in  IRIS  or  HEAST. 

Arsenic  is  classified  as  Group  A  -  Human  Carcinogen.  This  classification  is  based 
on:  1)  results  of  several  epidemiologic  studies  in  which  increases  in  lung  cancer  mortality  were 
observed  among  workers  exposed  to  arsenic  primarily  through  inhalation  in  the  work  place,  and  2) 
reports  of  increased  skin  cancer  incidence  in  several  populations  consuming  drinking  water  with  high 
arsenic  concentrations. 

An  oral  slope  factor  of  1 .5E+0  (mg/kg/day)'*  was  derived  based  on  the  drinking  water 
unit  risk  value  (5.0E-5  pg/L)  provided  in  IRIS  (USER A,  1995). 

The  inhalation  unit  risk  is  listed  in  IRIS  as  4.3E-03  Owg/m^)'*.  HEAST  lists  a  value 
of  5.0E+01  (mg/kg/day)'*  for  the  inhalation  slope  factor.  A  large  population  was  observed  and  the 
exposure  assessment  included  air  measurements  for  the  Anaconda  smelter  and  both  air 
measurements  and  urinary  arsenic  for  the  ASARCO  smelter.  Observed  lung  cancer  incidence  was 
significantly  increased  over  expected  values. 
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G.5  Barium 

Most  studies  of  the  health  effects  of  barium  evaluate  oral  exposures.  Acute 
ingestion  of  high  levels  of  barium  can  result  in  respiratory  weakness,  abnormalities  in  heart 
rhythm,  hypertension,  gastrointestinal  disturbances,  progressive  muscle  weakness,  and  renal 
insufficiency.  The  occurrence  and  severity  of  symptoms  decrease  with  decreasing  dose  levels. 
The  only  well  documented  adverse  effect  following  low-level,  chronic  exposure  is  cardiovascular 
compromise.  Significant  increases  in  blood  pressure  were  noted  in  rats  administered  5.4  to  7.1 
mg/kg/day  for  up  to  16  months  (ATSDR,  1991). 

Studies  of  the  inhalation  toxicity  of  barium  have  only  been  documented  in 
workers  exposed  to  barium  dust.  Abdominal  cramps,  nausea,  vomiting,  pulmonary  lesions, 
muscle  weakness,  and  renal  failure  was  observed  in  a  factory  worker  accidentally  exposed  to 
high  levels  of  barium  carbonate  powder.  There  are  limited  data  on  inhalation  studies  in 
laboratory  animals  to  support  any  definitive  conclusions  (ATSDR,  1991). 

IRIS  lists  the  chronic  Reference  Dose  for  barium  as  7.0E-02  mg/kg/day  (IRIS, 
1995).  This  is  based  primarily  on  two  studies.  In  the  first  study,  1 1  healthy  male  volunteers 
received  drinking  water  (1.5  L/day)  containing  0  mg/L  barium  for  weeks  0  to  2,  5  mg/L  for 
weeks  3  to  6,  and  10  mg/L  for  weeks  7  to  10  (Wones  et  al.,  1990).  There  were  no  changes  in 
blood  pressure,  serum  chemistry,  or  cardiac  function.  The  No-Adverse-Effect-Level  was 
10  mg/L,  which  corresponds  to  0.21  mg/kg/day.  The  second  study  was  a  retrospective 
epidemiology  study  that  compared  human  mortality  and  morbidity  rates  in  populations  ingesting 
2  to  10  mg/L  barium  in  drinking  water  (corresponding  roughly  to  a  dose  of  0.2  mg/kg/day)  to 
populations  ingesting  0  to  0.2  mg/L  (Brenniman  and  Levy,  1984).  No  definitive  differences 
could  be  attributed  to  the  elevated  barium  levels.  An  uncertainty  factor  of  3  was  used  since  data 
are  available  from  a  chronic  human  study.  The  level  of  confidence  in  the  RfD  is  medium. 

HEAST  lists  a  subchronic  oral  Reference  Dose  of  7.0E-02  mg/kg/day  (HEAST, 
1994).  Although  not  listed  in  IRIS,  inhalation  Reference  Concentrations  are  available  in  HEAST 
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as  5.0E-04  mg/m^  (chronic)  and  5.0E-03  mg/m^  (subchronic).  These  values  are  based  on  an 
inhalation  study  in  which  rats  were  exposed  to  0.80  mg/m^  barium  for  4  hours/day  for  4  months. 
Fetotoxic  effects  were  reported  as  a  result  of  exposure.  An  uncertainty  factor  of  1000  was 
applied  to  account  for  inter-  and  intra-species  variation  and  for  extrapolating  from  a  subchronic 
to  a  chronic  study  (lOX  each).  The  Threshold  Limit  Value  for  barium  soluble  salts  is  0.5  mg/m^ 
(8-hour  time  weighted  average,  as  barium)  (ACGIH,  1993-1994).  Barium  has  not  been  evaluated 
for  carcinogenicity  by  the  U.S.  EPA. 
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APPX.G 

G.6  Benzene 

Benzene  is  a  colorless  liquid  with  a  sweet  odor.  It  is  volatile,  soluble  in  water, 
and  very  flammable.  Benzene  occurs  naturally  and  is  produced  by  man.  It  is  used  in  industry  to 
produce  other  chemicals,  and  to  manufacture  some  types  of  rubber,  lubricants,  dyes,  detergents, 
and  pesticides.  Industrial  processes  are  the  main  source  of  benzene  in  the  environment.  Benzene 
in  water  and  soil  may  evaporate  into  the  air  where  it  is  degraded  in  a  few  days.  Benzene 
remaining  in  soil  and  water  may  also  degrade  in  those  media,  or  may  migrate  into  groundwater 
(ATSDR,  1992). 
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Most  people  are  exposed  to  a  small  amount  of  benzene  on  a  daily  basis.  The 
major  sources  of  benzene  exposure  are  gasoline,  automobile  exhaust,  industrial  emissions,  and 
tobacco  smoke.  Brief  exposure  (5-10  min)  to  very  high  levels  of  benzene  in  air  (10,000-20,000 
ppm)  can  result  in  death.  Exposure  to  lower  levels  (700-3,000  ppm)  may  cause  drowsiness, 
dizziness,  headaches,  and  unconsciousness.  These  effects  usually  disappear  once  exposure  is 
interrupted.  Ingestion  of  foods  or  beverages  containing  high  levels  of  benzene  may  result  in 
vomiting,  dizziness,  convulsions,  and  death.  Human  health  effects  associated  with  ingestion  of 
lower  levels  of  benzene  are  currently  unknown.  Dermal  contact  with  benzene  may  cause  redness 
or  blisters  (ATSDR,  1992). 

The  majority  of  information  on  the  effect  of  long-term  exposure  to  benzene  is 
from  studies  involving  occupational  exposure  of  employees  to  ambient  levels  of  benzene  far 
greater  than  the  levels  normally  encountered  by  the  general  population.  Inhalation  of  benzene  for 
long  periods  of  time  may  cause  adverse  effects  in  the  tissues  that  form  blood  cells,  especially  the 
bone  marrow.  This  may  result  in  disruption  of  normal  blood  production  and  cause  a  decrease  in 
important  blood  components,  leading  to  anemia  or  excessive  bleeding.  Blood  production  may 
return  to  normal  upon  disruption  of  exposure.  Benzene  exposure  can  be  harmful  to  the  immune 
system,  enhancing  the  probability  of  infection  and  perhaps  lowering  the  body's  defense  against 
tumors.  Long-term  exposure  to  benzene  in  the  air  causes  leukemia  and  has  been  associated  with 
genetic  changes  (ATSDR,  1992). 

Long-term  exposure  to  benzene  may  also  damage  the  reproductive  organs.  Some 
female  workers  who  breathed  high  levels  of  benzene  for  many  months  experienced  irregular 
menstrual  cycles.  Upon  examination  of  these  women,  decreased  ovary  size  was  revealed. 
However,  exposure  levels  were  not  documented  and  it  was  not  proven  that  benzene  was 
responsible  for  the  effects.  Currently  it  is  not  known  what  effects  benzene  exposure  has  on  the 
developing  fetus  in  pregnant  women.  Studies  in  which  pregnant  laboratory  animals  were 
exposed  to  benzene  resulted  in  low  birth  weights,  delayed  bone  formation,  and  bone  marrow 
damage  (ATSDR,  1992). 
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Human  health  effects  associated  with  long-term  exposure  to  food  and  water 
contaminated  with  benzene  are  not  known.  Animal  studies  indicate  that  oral  exposure  can 
damage  the  blood  and  immune  system.  Oral  exposure  of  experimental  animals  to  benzene  has 
also  been  linked  to  cancer  (ATSDR,  1992). 

Although  no  oral  RfD  has  been  established,  EPA  Region  in  provides  an 
inhalation  RfD  of  1.7  E-3  mg/kg/day.  This  value  was  converted  to  a  Reference  Concentration 
(RfC)  of  6.0  E-3  mg/m^  using  an  inhalation  rate  of  20  mVday  and  a  body  weight  of  70  kg. 

EPA  classifies  benzene  as  Group  A  -  Human  Carcinogen.  This  classification  is 
based  on  numerous  epidemiologic  studies  which  demonstrated  an  increased  incidence  or  causal 
relationship  between  leukemia  and  occupational  exposure  to  benzene.  Supporting  data  include 
an  increased  incidence  of  neoplasia  in  rats  and  mice  exposed  by  inhalation  and  gavage  and  an 
increase  in  chromosomal  aberrations  of  bone  marrow  cells  and  peripheral  lymphocytes  from 
occupational  exposure.  IRIS  lists  an  oral  slope  factor  of  2.9E-02  (mg/kg/day)'*  and  an  inhalation 
unit  risk  of  8.3E-06  (//g/m3)'*  has  been  derived  from  human  data  for  inhalation  exposure. 
HEAST  lists  an  inhalation  slope  factor  for  benzene  as  2.9E-2  (mg/kg/day)'*. 
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G.7  Benzoic  Acid 

IRIS  lists  the  chronic  oral  RfD  for  benzoic  acid  as  4.0E+()0  mg/kg-day  which  is 
the  same  value  as  the  subchronic  oral  RfD  listed  in  HEAST.  Benzoic  acid  and  sodium  benzoate 
are  coimnon  food  preservatives  and  are  Generally  Recognized  as  Safe  (GRAS)  by  the  FDA. 
Therefore,  the  NOAEL  was  derived  by  estimating  the  upper  range  of  daily  benzoic  acid  intake 
per  person.  Medium  confidence  has  been  assigned  to  this  value  since  it  is  based  on  adequate  ‘ 
human  data. 
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Benzoic  acid  is  a  Group  D  Carcinogen  —  Not  Classifiable  as  to  Human 
Carcinogenicity.  In  a  lifetime  study,  100  mice  were  given  benzoic  acid  at  a  level  of  2%  in 
drinking  water.  At  the  end  of  the  study,  histological  examination  was  performed  and  it  was 
concluded  that  the  treatment  had  no  apparent  effect  on  survival  or  tumor  incidence. 

G.8  Beryllium 

Various  health  effects  related  to  beryllium  exposure  have  been  documented  in 
human  and  animal  investigations.  Contact  dermatitis  is  the  most  common  beryllium-related 
toxic  effect.  Exposure  to  soluble  beryllium  compounds  may  result  in  papulovesicular  lesions  on 
the  skin.  It  is  a  delayed-type  hypersensitivity  reaction.  Acute  chemical  pneumonitis  may  result 
from  inhalation  of  beiyllium  and  occurs  almost  immediately  following  inhalation  of  aerosols  of 
soluble  beryllium  compounds,  particularly  the  fluoride.  Severity  is  dose-related  and  lethality  has 
been  reported.  Chronic  granulomatous  pulmonary  disease  (berylliosis)  may  develop  after 
exposure  to  insoluble  beryllium  compounds,  particularly  beryllium  oxide.  The  major  symptoms 
are  shortness  of  breath  and,  in  severe  cases,  cyanosis  and  clubbing  of  fingers.  In  vitro  studies  of 
genotoxicity  have  shown  that  beryllium  will  induce  morphologic  transformation  in  mammalian 
cells.  It  will  also  decrease  fidelity  of  DNA  synthesis,  but  is  negative  when  tested  as  a  mutagen  in 
bacterial  systems. 

The  oral  RfD  for  beryllium  is  listed  in  IRIS  as  5.0E-03  mg/kg/day  (IRIS,  1995). 
The  NOAEL  is  listed  as  5  ppm  (0.54  mg/kg  of  body  weight/day)  in  drinking  water.  The  RfD 
value  is  based  on  a  lifetime  study  of  52  weanling  rats  which  received  0  or  5  ppm  beryllium  (as 
beryllium  sulfate)  in  drinking  water.  At  natural  death,  the  rats  were  dissected  and  gross  and 
microscopic  changes  were  noted  in  the  heart,  kidney,  liver,  and  spleen.  There  were  no  effects  of 
treatment  on  these  organs  or  on  lifespan,  urinalysis,  serum  glucose,  cholesterol,  and  uric  acid,  or 
on  numbers  of  tumors.  Male  rats  experienced  decreased  growth  rates  from  2  to  6  months  of  age. 
In  a  similar  study,  doses  of  0.95  mg/kg/day  caused  decreased  body  weights  in  female  mice.  Male 
mice  exhibited  slight  increases  in  body  weight.  HE  AST  lists  a  value  of  5.0E-03  mg/kg/day  for 
the  subchronic  oral  RfD  (HEAST,  1994). 
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The  uncertainty  factor  applied  to  derivation  of  the  oral  RfD  is  100.  This  factor 
accounts  for  interspecies  (lOX)  conversion  and  for  protection  of  sensitive  human  subpopulations 
(lOX).  The  confidence  level  is  low  because  only  one  dose  level  was  administered.  Although 
numerous  inhalation  investigations  and  a  supporting  chronic  oral  bioassay  in  mice  exist,  along 
with  work  that  indicates  a  higher  dose  level  may  be  a  NOEL,  these  studies  are  considered  low  to 
medium  in  quality.  Therefore,  the  database  is  given  a  confidence  level  of  low. 

Beryllium  is  classified  as  Group  B2  -  Probable  Human  Carcinogen.  This 
classification  is  based  on  its  ability  to  induce  lung  cancer  via  inhalation  in  rats  and  monkeys  and 
to  induce  osteosarcomas  in  rabbits  via  intravenous  or  intramedullary  injection.  Human 
epidemiology  studies  are  considered  to  be  inadequate.  The  oral  slope  factor  is  listed  in  IRIS  as 
4.3+00  (mg/kg/day)  ‘,  the  inhalation  unit  risk  value  as  2.4E-03  Oug/m^)'*,  and  the  inhalation  slope 
factor  as  8.4E+00  (mg/kg/day)  '.  The  estimate  for  the  oral  slope  factor  is  derived  from  a  study 
which  did  not  show  a  significant  increase  in  tumorigenic  response.  While  this  study  is  limited  by 
use  of  only  one  non-zero  dose  group  and  the  occurrence  of  high  mortality  and  unspecified  time 
and  site  of  the  tumors,  it  was  used  as  the  basis  of  the  quantitative  estimate  because  exposure 
occurred  via  the  most  relevant  route. 

APPX.G 
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G.9  BHC  (Alpha,  Beta,  Delta,  Gamma) 

Benzene  hexachloride  (BHC),  also  known  as  hexachlorocyclohexane  (HCH), 
exists  in  eight  chemical  forms  (isomers).  The  most  studied  isomer  is  gamma-BHC.  People 
generally  are  not  exposed  to  the  alpha-,  beta-,  or  delta-forms  of  BHC  separately  but  to  lindane 
(gamma-BHC)  or  to  technical-grade  BHC  (a  mixture  of  the  alpha-,  beta-,delta-,  and  gamma- 
forms).  Therefore,  the  health  effects  of  the  BHC  isomers  are  considered  jointly.  The  adverse 
health  effects  of  lindane  and  the  other  BHC  isomers  (alpha,  beta,  and  delta)  that  have  been  seen 
in  humans  include  lung  irritation,  heart  disorders,  blood  disorders,  headache,  convulsions,  and 
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alterations  in  levels  of  sex  hormones.  These  effects  were  observed  in  individuals  exposed  to 
BHC  vapors  during  its  manufacture  and/or  in  individuals  accidentally  exposed  to  very  large 
quantities  of  BHC.  Death  can  result  in  humans  and  animals  exposed  to  large  amounts  of  BHC. 
Liver  disease  has  been  reported  in  animals  fed  lindane  or  alpha-,  beta-,  or  technical-grade  BHC 
and  liver  cancer  has  been  reported  in  rodents  which  received  long-term  administration  of  these 
compounds  (ATSDR,  1989). 

Alpha-BHC 

There  are  no  oral  or  inhalation  RfD  or  RfC  values  listed  in  IRIS  or  HEAST  for 
alpha-BHC.  Little  information  is  available  on  the  health  effects  of  alpha-BHC. 

Alpha-BHC  is  listed  in  IRIS  as  class  B2  -  Probable  Human  Carcinogen.  This 
classification  is  supported  by  an  increased  incidence  of  liver  tumors  in  mice  and  rats  when  given 
dietary  alpha-BHC.  Human  carcinogenicity  data  is  inadequate.  The  oral  slope  factor  is  listed  in 
IRIS  as  6.3E+00  mg/kg/day  and  the  inhalation  slope  factor  as  1.8E-03  (|ig/m\  In  the  study  used 
to  derive  the  oral  slope  factor,  relatively  few  animals  were  treated,  and  the  treatment  time  was  not 
considered  adequate  for  the  development  of  spontaneous  tumors.  HEAST  lists  a  value  of 
6.3E+00  (mg/kg/day)  ‘  for  the  inhalation  slope  factor. 

Beta-BHC 

There  are  no  oral  or  inhalation  RfD  or  RfC  values  listed  in  IRIS  or  HEAST  for 
beta-BHC.  Little  information  is  available  on  the  health  effects  of  beta-BHC. 

Beta-BHC  is  listed  as  Class  C  -  Possible  Human  Carcinogen.  This  classification 
is  supported  by  an  increase  in  benign  liver  tumors  when  mice  were  exposed  to  beta-BHC  in  the 
diet.  The  oral  slope  factor  is  listed  in  IRIS  as  1.8E+00  (mg/kg/day)'*  and  the  inhalation  slope 
factor  is  listed  in  HEAST  as  1.8E+00  (mg/kg/day)'*.  IRIS  lists  an  inhalation  unit  risk  of  5.3E-(34 
(lig/m')'*. 
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Gamma-BHC  (Lindane) 

The  oral  RfD  for  gamma-BHC  is  listed  in  IRIS  as  3.0E-04  mg/kg/day.  This  value 
is  supported  by  a  12-week  study  in  which  rats  were  dosed  with  0, 0.2, 0.8, 4,  20,  or  lOOppm 
gamma-BHC  in  the  diet.  After  12  weeks,  15  animals/sex/group  were  sacrificed.  The  remaining 
rats  were  fed  the  control  diet  for  an  additional  six  weeks  before  sacrifice.  Treatment  related 
effects  were  noted  in  mortality,  hematology,  clinical  chemistry,  and  urinalysis.  Rats  receiving  20 
and  lOOppm  gamma-BHC  were  observed  to  have  greater  incidence  of  the  following  than  the 
control  rats:  liver  hypertrophy,  kidney  tubular  degeneration,  hyaline  droplets,  tubular  distension, 
interstitial  nephritis,  and  basophilic  tubules.  Because  these  effects  were  mild  or  rare  in  animals 
receiving  4  ppm,  this  value  represents  a  NOAEL.  The  reviewers  of  the  study  calculated  the  dose 
to  be  0.29  mg/kg/day  for  males  and  0.33  mg/kg/day  for  females  based  on  measured  food  intake. 
A  LOAEL  of  20  ppm  (converted  to  1 .55  mg/kg/day  for  males)  was  also  established. 

An  uncertainty  factor  of  1000  was  used  to  determine  the  RfD  for  gamma-BHC.  A 
factor  of  10  each  was  employed  for  use  of  a  subchronic  assay,  to  account  for  interspecies 
variation  and  to  protect  sensitive  human  subpopulations.  A  confidence  rating  of  medium  is 
associated  with  the  RfD  for  gamma-BHC.  This  rating  reflects  that  the  principal  study  used  an 
adequate  number  of  animals  and  measured  multiple  endpoints. 

IRIS  does  not  list  an  inhalation  RfC  for  Gamma-BHC  at  this  time.  A  risk 
assessment  for  the  development  of  an  inhalation  RfC  is  under  review  for  this  agent.  HEAST 
lists  the  subchronic  oral  RfD  as  3.0E-03  mg/kg/day. 

Gamma-BHC  is  classified  as  a  Group  B2/C  -  Probable  Human 
Carcinogen/Possible  Human  Carcinogen.  HEAST  lists  the  oral  slope  factor  as  1.3E-i-(K) 
(mg/kg/day)'\  but  this  value  is  currently  under  review.  No  inhalation  unit  risk  was  given. 
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G.IO  Bis(2-ethylhexyl)Phthalate 

Most  information  about  the  health  effects  of  bis(2-ethylhexyl)phthalate  (BEHP) 
has  been  obtained  from  animal  studies  conducted  on  rodents.  BEHP  appears  to  affect  rodents 
differently  than  humans,  making  human  health  effects  difficult  to  predict.  Studies  in  rats  indicate 
that  BEHP  in  the  air  has  no  effect  on  lifespan  or  the  ability  to  reproduce  and,  therefore,  breathing 
BEHP  does  not  appear  to  have  serious  harmful  effects.  Adverse  health  effects  resulting  from 
dermal  contact  with  BEHP  are  not  expected  because  it  is  not  easily  absorbed  through  the  skin 
(ATSDR,  1992). 

Oral  short-term  and  chronic  exposure  to  BEHP  results  in  reproductive  toxicity.  No 
studies  on  the  reproductive  effects  of  BEHP  on  humans  were  available.  BEHP  resulted  in 
deleterious  effects  on  the  development  of  the  fetus  (low  birth  weights  and  skeletal  and/or  nervous 
system  problems)  when  pregnant  rodents  were  exposed.  Therefore,  it  is  possible  that  exposure  of 
pregnant  women  to  BEHP  could  result  in  similar  effects,  but  this  is  not  certain.  Long-term 
exposure  of  animals  to  BEHP  results  in  structural  and  functional  changes  in  the  kidney  (ATSDR, 
1992). 


There  have  been  no  studies  of  workers  exposed  to  BEHP  that  indicate  it  causes 
cancer  in  humans.  Ingestion  of  high  doses  of  BEHP  for  long  periods  of  time  resulted  in  liver 
cancer  in  rats  and  mice.  However,  there  is  disagreement  as  to  whether  exposure  to  BEHP 
increases  the  risk  of  humans  developing  cancer  because  BEHP  causes  less  damage  to  human 
livers  than  rodent  livers  (ATSDR,  1992). 
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An  oral  RfD  of  2.0E-02  mg/kg/day  is  listed  in  IRIS  for  bis(2-ethylhexyl)phthalate 
based  primarily  on  a  subchronic-to-chronic  oral  bioassay  conducted  in  guinea  pigs.  Guinea  pigs 
were  fed  diets  containing  BEHP  for  a  period  of  one  year.  Males  and  females  consumed  feed 
containing  0.13%,  0.04%,  or  control  diet.  These  dietary  levels  correspond  to  64  or  19  mg/kg/day 
based  on  measured  food  consumption.  The  critical  effect  observed  in  this  study  was  increased 
relative  liver  weight  in  females  at  both  doses  tested  (64  and  19  mg/kg/day).  No  treatment-related 
effects  were  seen  on  mortality,  body  weight,  kidney  weight,  or  gross  pathology  and 
histopathology  of  kidney,  liver,  lung,  spleen,  or  testes.  A  NOAEL  was  not  established  in  the 
study  but  a  LOAEL  of  19  mg/kg/day  was  established. 

An  uncertainty  factor  of  1000  was  used.  Factors  of  10  each  were  used  to  account 
for  interspecies  variation  and  protection  of  sensitive  human  subpopulations.  An  additional  factor 
of  10  was  used  to  account  for  the  less  than  lifetime  exposure  and  because,  while  the  RfD  was 
determined  from  a  LOAEL,  the  effect  observed  was  considered  to  be  minimally  adverse.  A 
confidence  rating  higher  than  medium  for  the  RfD  was  precluded  by  the  fact  that  only  two  doses 
of  BEHP  were  used. 

USEPA  classifies  BEHP  as  a  Group  B2  -  Probable  Human  Carcinogen.  This  is 
based  on  animal  carcinogenicity  data  in  which  rats  and  mice  fed  diets  containing  BEHP 
demonstrated  an  increased  incidence  of  hepatocellular  carcinomas  and  combined  incidence  of 
carcinomas  and  adenomas  in  female  rats  and  both  sexes  of  mice.  Data  from  a  mortality  study 
conducted  on  BEHP  production  workers  exposed  to  unknown  concentrations  was  considered 
inadequate  for  assessing  the  human  carcinogenic  potential.  The  oral  slope  factor  for  BEHP  is 
1.4E-02  (mg/kg/day)  ‘  and  was  obtained  from  IRIS.  A  provisional  inhalation  unit  risk  value  of 
4.0E-6  (fig/m^)'*  was  provided  by  The  Superfund  Health  Risk  Technical  Support  Center 
(USEPA,  1994).  A  great  deal  of  uncertainty  surrounds  this  value  since  it  was  derived  from  the 
oral  slope  factor. 
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G.ll  Bromochloromethane 


Bromochloromethane  is  a  colorless  to  pale  yellow,  nonflammable  liquid  with  a 
chloroform-like  odor.  This  chemical  is  used  primarily  as  a  liquid  fire-extinguishing  agent  and  is 
also  known  as  chlorobromomethane,  CBM,  or  as  Halon  101 1  (a  registered  fire-extinguishing 
agent). 


Narcosis  was  observed  in  rats  exposed  to  3000  ppm  bromochloromethane  in  air 
for  15  minutes.  Other  acute  inhalation  studies  with  rats  resulted  in  pulmonary  edema  (excess 
fluid  in  the  lungs)  below  22,000  ppm,  with  pneumonia  and  delayed  death  resulting  from 
exposures  above  22,000  ppm  (ACGIH,  1991). 

Subchronic  animal  studies  reported  no  deaths  from  inhalation  exposure  to  1000 
ppm  bromochloromethane  in  air  for  7  hours/day,  5  days/week,  for  a  14  week  period. 

Chronic  inhalation  studies  using  animals  concluded  that  this  chemical  causes  a 
rather  prolonged  anesthesia  at  high  concentrations  and  has  only  a  slight  capacity  to  produce 
injury  to  the  liver,  which  is  reversible.  The  no  effect  level  was  observed  to  be  370  ppm  (ACGIH, 
1991). 


There  is  no  chronic  exposure  information  for  humans.  Acute  poisoning  in 
firefighters  exposed  to  very  high  levels  (not  quantified)  of  bromochloromethane  vapors  has  been 
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reported  in  the  literature.  These  cases  were  characterized  by  severe  headache,  loss  of 
consciousness  after  exposure,  loss  in  weight,  gastric  upsets,  and  slow  recovery  (ACGIH,  1991). 

Based  on  the  animal  data  evaluated,  the  occupational  standard  established  for 
bromochlormethane  is  200  ppm  in  air  and  is  based  on  an  8-hour  workday  and  40-hour  work 
week  (ACGIH,  1994-1995). 

At  this  time  EPA  has  not  provided  carcinogenic  or  noncarcinogenic  toxicity 
information  for  bromochloromethane.  Currently,  bromochloromethane  is  not  considered 
carcinogenic  by  EPA  (weight-of-evidence  classification  D  --  not  classifiable  as  to  human 
carcinogenicity).  However,  EPA  has  stated  that  bromochloromethane  consistently  tests  positive 
for  mutagenicity  in  several  microorganisms  (IRIS,  1995). 
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G.12  Chlorobenzene 

Workers  exposed  to  chlorobenzene  have  exhibited  headaches,  numbness, 
sleepiness,  nausea,  and  vomiting.  The  ability  to  attribute  these  workers’  symptoms  to 
chlorobenzene  alone  is  difficult,  as  the  workers  may  have  been  exposed  to  other  chemicals  at  the 
same  time.  In  animals,  chlorobenzene  neurological,  hepatic,  and  renal  effects.  Unconsciousness, 
tremors  and  restlessness  have  been  observed,  along  with  hepatic  and  renal  necrosis  and  renal 
tubular  degeneration.  (ATSDR,  1990). 

IRIS  lists  the  oral  RfD  for  chlorobenzene  as  2.0E-02  mg/kg-day.  This  is  based  on 
a  13-week  oral  exposure  study  in  dogs.  The  NOAEL  was  reported  as  27.25  mg/kg-day  and  the 
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LOAEL  was  reported  as  54.5  mg/kg-day.  At  the  LOAEL,  the  dogs  exhibited  slight  bile  duct 
proliferation,  cytologic  alterations,  and  leukocytic  infiltration  of  the  stroma,  all  in  liver.  At  a 
dose  of  272.5  mg/kg-day  death,  weight  loss,  changes  in  hematology,  clinical  chemistry,  and  urine 
analysis  and  pathologic  changes  in  liver,  kidney,  gastrointestinal  mucosa,  and  hematopoietic 
tissue  were  observed.  Confidence  in  the  RfD  is  medium  due  to  the  fact  that  a  NOAEL  and  a 
LOAEL  were  identified,  along  with  several  biochemical  and  biological  endpoints.  HE  AST  list 
the  subchronic  oral  RfD  as  2.0E-01  mg/kg-day.  HEAST  lists  2.0E-02  mg/m^  as  the  chronic 
inhalation  RfC. 

Chlorobenzene  is  classified  as  a  Group  D  -  Not  Classifiable  as  to  Human 
Carcinogenicity.  This  is  based  on  a  lack  of  human  and  animal  data  and  predominantly  negative 
genetic  toxicity  data  in  bacterial,  yeast,  and  mouse  lymphoma  cells. 
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G.13  Chlorodibenzodioxins  (CDDs) 

Because  chlorodibenzodioxins  (CDDs)  almost  invariably  occur  in  mixtures,  their 
toxicity  is  surrunarized  here  together.  CDDs  are  a  class  of  compounds  with  one  to  eight  chlorine 
atoms  on  a  parent  dibenzodioxin.  If  all  possible  chlorination  patterns  are  considered,  there  are  75 
possible  CDD  congeners.  Human  exposure  to  CDDs  usually  involves  concomitant  exposure  to 
other  chemicals.  Thus,  the  toxicity  evaluation  of  CDDs  has  some  uncertainty.  Nevertheless, 
broad  conclusions  on  their  toxicity  in  humans  can  be  reached. 

Toxicity  of  CDDs.  2,3,7,8-Tetrachlorodibenzo-p-Dioxin  (TCDD)  is  the  most 
toxic  CDD  congener  known.  Although  species  sensitivity  varies  widely,  TCDD  is  highly  toxic  in 
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all  animals  tested.  The  major  toxic  effects  of  TCDD  in  mammals  are  weight  loss  (wasting 
syndrome),  hepatotoxicity,  immunotoxicity,  and  chloracne.  Reproductive  and  developmental 
effects  have  also  been  seen.  TCDD  doses  that  produced  various  effects  in  animals  are:  for  death, 
LD50s  ranged  from  0.6  pg/kg  in  guinea  pigs  (Schwetz  et  al.,  1973)  to  5500  pg/kg  in  hamsters 
(Henck  et  al.,  1981);  for  wasting  syndrome  in  guinea  pigs,  the  Lowest-Observed-Effect-Level 
was  4.86  ng/kg  in  a  90-day  study  (DeCaprio  et  al.,  1986);  for  hepatotoxicity  in  guinea  pigs,  the 
Lowest-Observed-Effect-Level  was  4.86  ng/kg  (DeCaprio  et  al.,  1986);  for  immunotoxic  effects, 
the  Lowest-Observed-Effect-Level  was  40  ng/kg  in  guinea  pigs  (Vos  et  al.,  1973).  Reproductive 
and  teratogenic  effects  were  seen  at  doses  ranging  from  125  ng/kg/day  (terata  in  rats;  Sparschu 
et  al.,  1971a,b)  to  1.5  ng/kg/day  (reproductive  and  embryotoxicity  in  monkeys  in  a  seven  month 
dietary  study;  Allen  et  al.,  1979;  Schantz  et  al.,  1979).  TCDD  was  carcinogenic  in  rats  and  mice 
in  chronic  bioassays  (NTP,  1982a,b). 

In  humans,  chloracne  is  the  only  adverse  effect  that  is  definitively  linked  to  TCDD 
exposure.  Chloracne  is  a  systemic  toxicity  and  is  not  produced  solely  by  dermal  exposure.  The 
minimum  dose  for  chloracne  in  humans  was  estimated  to  be  0.1  pg/kg  (Stevens,  1981).  Limited 
data  provide  suggestive  evidence  in  humans  of  hepatic  effects,  immunological  disorders, 
reproductive  and  developmental  toxicity,  and  carcinogenicity  (ATSDR,  1989).  The  TCDD 
half-life  in  humans  is  approximately  6-7  years  (Poiger  and  Schlatter,  1986;  CDC,  1987). 

Chronic  and  subchronic  oral  reference  doses  (RfD)  are  not  available  for  TCDD. 

Although  HEAST  provides  cancer  potency  values  for  TCDD,  these  values  are 
under  review  by  EPA  subject  to  change.  The  oral  slope  factor  and  inhalation  unit  risk  provided 
in  HEAST  are  1.5E+5  (mg/kg/day)  '  and  3.3E-8  (pg/m^)  ‘,  respectively  (HEAST,  1994). 

In  order  to  assign  toxicity  values  to  other  CDDs,  EPA  suggests  using  Toxicity 
Equivalence  Factors  (TEF)  (USEPA,  1994).  The  TEF  approach  is  based  on  the  assumption  that 
TCDD  is  the  most  potent  CDD,  and  that  all  other  CDDs  are  less  potent  than  TCDD.  When 
assigning  TEFs,  TCDD  is  arbitrarily  assigned  a  value  of  one,  and  the  other  CDDs  are  given  TEFs 
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equal  to  a  fraction  of  one  based  on  their  relative  potency  to  TCDD.  For  example,  2,3, 4,7,8- 
PentaCDD  is  approximately  one-half  as  toxic  as  TCDD,  and  has  a  TEF  of  0.5. 

Using  the  TEF  approach  to  derive  the  oral  slope  factor  (SFJ  for  PentaCDD  is 
accomplished  by  multiplying  the  oral  slope  factor  of  TCDD  by  the  TEF  for  PentaCDD. 
Numerically,  the  oral  slope  factor  for  PentaCDD  is: 

SF„  PentaCDD  =  (SF„  of  TCDD)  x  (TEF  for  PentaCDD) 

=  1.5E-I-5  (mg/kg/day)'‘  x  (0.5) 

=  7.5E+4  (mg/kg/day)'' 

Heptachlorodibenzo-p-Dioxin  (HpCDD) 

In  the  absence  of  chemical-specific  toxicity  information,  the  TEF  approach  was 
used  to  derive  toxicity  values  for  HpCDD.  The  TEF  assigned  to  HpCDD,  based  on  its  relative 
potency  to  TCDD,  is  0.01  (USEPA,  1994). 

Noncancer  toxicity  values  are  not  available  for  HpCDD. 

The  oral  slope  factor  for  HpCDD  was  calculated  as  1.5E+3  (mg/kg/day)  ‘.  The 
inhalation  unit  risk  was  also  calculated  using  the  TEF  approach  and  is  3.3E-3  (pg/m^)'*. 

Octachlorodibenzo-p-Dioxin  (OCDD) 

In  the  absence  of  chemical-specific  toxicity  information  from  HE  AST  or  IRIS,  the 
TEF  approach,  described  above,  was  used  to  derive  carcinogenic  toxicity  values  for  OCDD. 
Based  on  its  relative  potency  to  TCDD,  the  TEF  for  OCDD  is  0.001  (USEPA,  1994). 

Noncancer  toxicity  values  are  not  available  for  OCDD. 
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The  oral  slope  factor  and  inhalation  unit  risk  for  OCDD  were  calculated  as  L5E+2 
(mg/kg/day)"^  and  3.3E-2  (pg/m^)  ^  respectively. 


References 


Allen,  J.  R.,  D.  A.  Barsotti,  L.  K.  Lambrecht,  and  J.  P.  Miller  (1979)  "Reproductive  Effects  of  Halogenated 
Aromatic  Hydrocarbons  on  Nonhuman  Primates".  Ann.  NY  Acad.  Sci.  320:  419-425. 

ATSDR  (Agency  for  Toxic  Substances  and  Disease  Registry)  (1989)  Toxicological  Profile  for  2,3  J,8- 
Tetrachlorodibenzo-p-dioxin.  U.S.  Dept,  of  Health  and  Human  Services,  Atlanta,  GA. 

ATSDR  (Agency  for  Toxic  Substances  and  Disease  Registry)  (1993)  Toxicological  Profile  for  Chlorodibenzofurans. 
Draft.  U.S.  Dept,  of  Health  and  Human  Services,  Atlanta,  GA. 

CDC  (Centers  for  Disease  Control)  (1987)  "Comparison  of  Serum  Levels  of  2,3,7,8-TCDD  with  Indirect  Estimates 
of  Agent  Orange  Exposure  in  Vietnam  Veterans".  Final  Report  Agent  Orange  Projects.  Centers 
for  Disease  Control,  Atlanta,  GA. 

Chen,  P.  H.,  C.  K.  Wong,  C.  Rappe  et  al.  (1985)  "Polychlorinated  biphenyls,  dibenzofurans  and  quaterphenyls  in 
toxic  rice-bran  oil  and  in  the  blood  and  tissues  of  patients  with  PCB  poisoning  in  Yu-Chen, 
Taiwan".  Environ.  Health  Perspect.  59:  59-65. 

DeCaprio,  A.  P.,  D.  M.  McMartin,  P.  W.  O'Keefe,  R.  Rej,  J.  B.  Silkworth,  and  L.  S.  Kaminsky  (1986)  "Subchronic 
Oral  Toxicity  of  2,3,7,8-Tetrachlorodibenzo-p-dioxin  in  the  Guinea  Pig:  Comparisons  with  a  a 
PCB-Containing  Fluid  Pyrosylate".  Fund.  Appl.  Toxicol.  6:  454-463. 

Hayabuchi,  H.,  T.  Yoshimura,  and  M.  Kuratsune  (1979)  "Consumption  of  toxic  rice  oil  by  Yusho  patients  and  its 
relation  to  the  clinical  response  and  latent  period".  Food  Cosmetic  Toxicol.  17:  455-461. 

Henck,  J.  W.,  M.  A.  New,  R.  J.  Kociba,  and  K.  S.  Rao  (1981)  "2,3,7,8-Tetrachlorodibenzo-p-dioxin:  Acute  Oral 
Toxicity  in  Hamsters".  Toxicol.  Appl.  Pharm.  59:  405-407. 

Masuda,  Y.,  H.  Kuroki,  and  K.  Haraguchi  (1985)  "PCB  and  PCDF  congeners  in  blood  and  tissues  of  Yusho  and  Yu- 
Chen  patients".  Environ.  Health  Perspect.  59:  53-58. 

Murray,  F.  J.,  F.  A.  Smith,  K.  D.  Nitschke,  C.  G.  Humiston,  R.  J.  Kociba,  B.  A.  Schwetz  (1979)  "Three-Generation 
Reproduction  Study  of  Rats  Given  2,3,7,8-Tetrachlorodibenzo-p-dioxin  (TCDD)  in  the  Diet". 
Toxicol.  Appl.  Pharmacol.  50:  241-251. 

Nisbet,  I.  C.  T.  and  M.  B.  Paxton  (1982)  "Statistical  Aspects  of  Three-Generation  Studies  of  the  Reproductive 
Toxicity  of  TCDD  and  2,4,5-T".  Am.  Stat.  36:  290-298. 

NTP  (National  Toxicology  Program)  (1982a)  "Bioassay  of  2,3,7,8-Tetrachlorodibenzo-p-dioxin  for  Possible 

Carcinogenicity  (Gavage  Study).  Dept,  of  Health  and  Human  Services  Publ.  No.  (NIH)  82-1765. 
Bethesda,  MD:  Carcinogenesis  Testing  Program,  National  Cancer  Institute,  National  Institute  of 
Health;  Research  Triangle  Park,  NC:  National  Toxicology  Program. 


G-23 


March  1996 


Appendix  G — Human  Health  Toxicity  Profiles 
Baseline  Risk  Assessment 


Galena  Airport 


NTP  (National  Toxicology  Program)  (1982b)  "Bioassay  of  2,3,7,8-Tetrachlorodibenzo-p-dioxin  for  Possible 

Carcinogenicity  (Dermal  Study).  Dept,  of  Health  and  Human  Services  Publ.  No.  (NIH)  82-1757. 
Bethesda,  MD:  Carcinogenesis  Testing  Program,  National  Cancer  Institute,  National  Institute  of 
Health;  Research  Triangle  Park,  NC:  National  Toxicology  Program. 

Poiger,  H.  and  C.  Schlatter  (1986)  "Pharmaccokinetics  of  2,3,7,8-TCDD  in  Man".  Chemosphere  15:  9-12. 

Schantz,  S.  L.,  D.  A.  Barsotti,  and  J.  R.  Allen  (1979)  "Toxicological  Effects  Produced  in  Nonhuman  Primates 

Chronically  Exposed  to  Fifty  Parts-Per-Trillion  2,3,7,8-Tetrachlorodibenzo-p-dioxin  (TCDD)". 
Toxicol.  Appl.  Pharmacol.  48:  A180. 

Schwetz,  B.  A.,  J.  M.  Norris,  G.  L.  Sparschu,  et  al.  (1973)  "Toxicology  of  Chlorinated  Dibenzo-p-dioxins". 
Environ.  Health  Perspect.  5:  87-99. 

Sparschu,  G.  L.,  Jr.,  F.  L.  Dunn,  Jr.,  and  V.  K.  Row,  Jr.  (1971a)  "Study  of  the  Teratogenicity  of 
2,3,7,8-Tetrachlorodibenzo-p-dioxin  in  the  Rat". 

Food  Cosmet.  Toxicol.  9:405-412. 

Sparschu,  G.  L.,  F.  L.  Dunn,  R.  W.  Lisowe,  and  V.  K.  Row  (1971b)  "Effects  of  High  Levels  of 

2,4,5-Trichlorophenoxyacetic  Acid  on  Fetal  Development  in  the  Rat".  Food  Cosmet.  Toxicol. 
9:527-530. 

Stevens,  K.  M.  (1981)  "Agent  Orange  Toxicity:  A  Quantitative  Perspective".  Hum.  Toxicol.  1:31-39. 

Vos,  J.  G.,  J.  A.  Moore,  and  J.  G.  Zinkl  (1973)  "Effect  of  2,3,7,8-Tetrachlorodibenzo-p-dioxin  on  the  Immune 
System  of  Laboratory  Animals".  Environ.  Health  Perspect.  5:  149-162. 

USEPA,  1994.  Estimating  Exposure  to  Dioxin-like  Compounds.  Volume  1.  Draft.  EPA/600/6-88/005  Ca.  June 
1994 


cdd.rev 

7/19/95 


G.14  Chloroform 


Chloroform  is  a  colorless  liquid  with  a  pleasant  odor  and  a  sweet  taste.  Most 
chloroform  reaches  the  environment  as  a  result  of  industrial  processes  or  the  chlorination  of 
water.  Chloroform  is  also  used  in  the  production  of  other  chemicals.  Factories  that  use  or 
produce  chloroform  may  release  it  directly  into  the  air.  It  may  reach  water  and  soil  in  waste  water 
or  as  a  result  of  spills.  Chloroform  in  water  and  soil  will  evaporate  quickly,  so  most  chloroform 
in  the  environment  will  be  in  air  (ATSDR,  1992). 
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Chloroform  affects  the  central  nervous  system  (CNS),  liver,  and  kidneys 
following  inhalation  or  ingestion  of  contaminated  sources  by  humans.  Inhalation  of  900  ppm 
chloroform  for  a  short  period  of  time  causes  fatigue,  dizziness,  and  headache.  Short-term 
exposure  to  higher  levels  (8,000-10,000  ppm)  may  result  in  loss  of  consciousness  and/or  death. 
Long-term  exposure  to  small  amounts  of  chloroform  in  air,  water,  or  food  may  cause  kidney  and 
liver  damage.  Dermal  contact  with  chloroform  can  cause  sores  to  develop  on  the  skin  (ATSDR, 
1992). 


Currently  it  is  not  known  whether  chloroform  causes  reproductive  or  develop¬ 
mental  effects.  The  Department  of  Health  and  Human  Services  has  ruled  that  chloroform  may  be 
a  carcinogen.  Epidemiologic  studies  indicate  that  a  possible  link  exists  between  chloroform  in 
chlorinated  drinking  water  and  the  occurrence  of  cancer  of  the  colon  and  urinary  bladder 
(ATSDR,  1992). 

Similar  to  the  effects  seen  in  humans,  chloroform  causes  adverse  effects  on  the 
CNS,  liver,  and  kidneys  of  laboratory  animals.  One  study  indicated  that  rabbits  exhibited  kidney 
damage  following  24-hrs  of  continuous  skin  contact.  Abortions  have  been  reported  to  occur  in 
rats  and  mice  exposed  to  smaller  amounts  of  chloroform  by  either  inhalation  or  ingestion  during 
pregnancy.  Birth  defects  occurred  in  the  offspring  of  rodents  subjected  to  chloroform 
contaminated  air  during  pregnancy.  Abnormal  sperm  have  also  been  observed  in  mice  exposed 
to  small  amounts  of  chloroform  on  a  short-term  basis.  Furthermore,  liver  and  kidney  cancer 
developed  in  rodents  chronically  exposed  to  small  amounts  of  chloroform  in  the  diet.  It  is 
currently  unknown  whether  cancer  of  the  liver  or  kidney  would  develop  in  humans  following 
long-term  exposure  to  chloroform  in  drinking  water  (ATSDR,  1992). 

IRIS  lists  a  chronic  oral  RfD  of  1  .OE-02  mg/kg-day  for  chloroform.  This  is  based 
on  a  chronic  bioassay  in  which  dogs  were  administered  chloroform  in  a  toothpaste  base  in  gelatin 
capsules  for  7.5  years.  Experimental  groups  received  15  to  30  mg/kg-day,  6  days/week.  Fatty 
cysts  were  observed  in  livers  of  some  dogs.  In  addition,  nodules  of  altered  hepatocytes  and  dose- 
related  increases  in  serum  enzyme  levels  were  also  noted  in  high  dose  animals.  A  NOAEL  (No 
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Observed  Adverse  Effect  Level)  was  not  established.  The  LOAEL  (Lowest  Observed  Adverse 
Effect  Level)  of  15  mg/kg-day  was  converted  to  12.9  mg/kg-day  since  exposures  were  for  6 
days/week.  HEAST  lists  the  subchronic  oral  RfD  for  chloroform  as  1  .OE-02  mg/kg-day. 

An  uncertainty  factor  of  1000  was  used  (lOx  for  use  of  LOAEL,  lOx  for 
interspecies  conversion  and  lOx  for  protection  of  sensitive  human  populations).  The  level  of 
confidence  in  the  oral  RfD  is  medium,  reflecting  that  the  critical  study  was  of  chronic  duration 
and  used  a  fairly  large  number  of  dogs.  However,  only  two  doses  were  used  and  no  NOAEL  was 
determined. 


ERA  classifies  chloroform  as  Group  B2  —  Probable  Human  Carcinogen.  This 
classification  is  based  on  an  increased  incidence  of  several  tumor  types  in  rats  and  three  strains  of 
mice.  Human  carcinogenicity  data  were  considered  inadequate  for  use  in  risk  assessment 
because  there  are  no  epidemiologic  studies  with  exposure  to  pure  chloroform.  IRIS  lists  an  oral 
slope  factor  of  6.1E-03  (mg/kg-day)  ‘.  The  inhalation  slope  factor  is  8.1E-02  (mg/kg-day)  * 
which  is  given  in  HEAST.  The  inhalation  unit  risk  value  given  in  IRIS  is  2.30E-05  (pg/m^)  '. 
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G.15  Chloromethane 

Chloromethane  is  a  clear,  colorless  gas  with  a  faintly  sweet,  nonirritating  odor.  It 
is  a  naturally  occurring  chemical,  but  is  also  produced  by  industry.  It  was  widely  used  as  a 
coolant  refrigerators,  but  its  main  use  now  is  during  the  industrial  production  of  other 
compounds.  Chloromethane  is  present  in  ambient  air,  waters  and  soils  in  low  concentrations 
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because  of  its  production  in  nature.  Higher  levels  may  be  found  in  these  media  due  to  industrial 
or  waste  release  (ATSDR,  1990). 

Chloromethane  exposure  may  occur  through  inhalation,  ingestion,  and  dermal 
contact.  Inhalation  is  the  most  likely  route  of  exposure.  Deaths  have  been  reported  in  humans 
and  animals  exposed  to  high  concentration  of  chloromethane  by  inhalation.  The  concentrations 
and  durations  of  exposure  in  these  cases  are  unknown  due  to  lack  of  reliable  data.  In  both 
humans  and  animals,  the  neurological  effects  caused  by  chloromethane  inhalation  are  the  cause 
of  its  lethality.  These  neurological  effects  include  fatigue,  drowsiness,  staggering,  headache, 
blurred  and  double  vision,  confusion,  tremors,  vertigo,  muscle  cramps  and  rigidity,  sleep 
disturbances,  ataxia,  convulsions  and  coma.  Hepatic  and  renal  adverse  effects  have  also  been 
observed  in  humans  and  animals  with  chloromethane  inhalation.  Respiratory,  cardiovascular, 
gastrointestinal,  and  ocular  effects  are  probably  secondary  to  neurological  effects.  Inhalation  of 
chloromethane  has  resulted  in  hematological,  immunological,  developmental,  and  reproductive 
adverse  effects  in  animals.  It  has  also  been  found  to  be  genotoxic  and  carcinogenic  in  animals 
after  inhalation  (ATSDR,  1990). 

There  is  little  data  available  on  the  effects  of  chloromethane  ingestion.  Only  one 
study  was  found  with  regards  to  the  effects  of  orally  administered  chloromethane  in  rats.  Only  the 
livers  were  examined  in  this  study,  and  no  effects  were  found  (ATSDR,  1990). 

There  is  little  data  available  on  the  effects  of  dermal  exposure  to  chloromethane. 
The  one  study  found  in  which  exposure  to  chloromethane  vapors  in  mice  was  reported  to  cause 
mucopurulent  conjunctivitis  with  destruction  of  the  eye  in  some  cases  is  questionable,  as  the 
results  have  not  been  reproducible  (ATSDR,  1990). 

IRIS  states  that  the  oral  RfD  and  inhalation  RfD  and  RfC  are  currently  under 
review  by  an  EPA  work  group.  HEAST  does  not  list  an  interim  RfD  for  chloromethane. 
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HEAST  lists  an  oral  slope  factor  of  1.3E-02  (mg/kg-day)'*  and  an  inhalation  slope 
factor  of  6.3E-3  (mg/kg-day)  \  These  values  are  based  on  a  24-month  inhalation  study  in  mice  in 
which  kidney  tumors  were  seen. 
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G.16  Cresols  (2-,  3-,  and  4-MethyI  phenol) 

Cresol,  or  Methyl  phenol,  exists  as  three  chemical  forms;  ortho-crcso\  (o-cresol), 
meta-crcso\  (m-cresol),  and  para-cresol  (p-cresol).  Pure  cresols  are  colorless  chemicals,  but  are 
likely  to  be  found  most  often  in  brown  mixtures  such  as  creosote  and  cresylic  acids.  Cresols  can 
exist  as  solids  or  liquids  and  have  a  medicinal  smell  when  dissolved  in  water.  Cresols  both  occur 
naturally  in  the  environment  and  are  produced  by  humans  (ATSDR,  1991). 

Like  phenol,  chronic  exposures  to  cresols  have  been  reported  to  result  in  a  broad 
spectrum  of  toxic  effects  in  laboratory  animals.  In  rats,  the  primary  target  organs  affected  by 
ortho-  and  meta-cresol  are  the  nervous  system  (neurotoxicity)  and  the  whole  body  (decreased 
weight  gain).  Similarly,  in  rabbits  para-cresol  affects  the  central  nervous  system  (hypoactivity), 
respiratory  system  (distress)  and  whole  body  (maternal  death)  (HEAST,  1994). 

The  toxicity  information  for  o-,  m-,  and  p-cresol  is  discussed  below  separately  for 
each  chemical  form. 
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o-Cresol 

A  chronic  oral  RfD  of  5.0  E-2  mg/kg/day  is  provided  in  IRIS  (IRIS,  1995).  This 
value  is  based  on  the  NOAEL  from  a  subchronic  90  day  oral  feeding  study  with  rats.  The 
NOAEL  from  this  study  was  50  mg/kg/day.  EPA  rates  the  confidence  in  the  RfD  at  medium 
since  the  study  from  which  the  NOAEL  was  determined  was  subchronic. 

HEAST  lists  a  subchronic  oral  RfD  of  5.0  E-1  mg/kg/day  for  this  chemical 
(HEAST,  1994). 

Currently,  EPA  has  determined  that  the  inhalation  data  are  inadequate  to 
determine  inhalation  reference  doses  (RfD)  or  reference  concentrations  (RfC). 

o-Cresol  is  classified  by  EPA  as  a  Group  C  -  Possible  Human  Carcinogen.  This 
cancer  classification  is  based  on  limited  studies  in  which  mice  developed  skin  cancer  when 
cresols  were  applied  to  their  skin.  Neither  IRIS  or  HEAST  provide  any  cancer  potency  values  for 
this  chemical. 


m-Cresol 

A  chronic  oral  RfD  of  5.0  E-2  mg/kg/day  is  provided  in  (IRIS,  1995).  This  value 
is  based  on  the  NOAEL  from  a  subchronic  90  day  oral  feeding  study  with  rats.  The  NOAEL 
from  this  study  was  50  mg/kg/day.  EPA  rates  the  confidence  in  the  RfD  at  medium  since  the 
study  from  which  the  NOAEL  was  determined  was  subchronic. 

HEAST  lists  a  subchronic  oral  RfD  of  5.0  E-1  mg/kg/day  for  this  chemical 
(HEAST,  1994). 

Currently,  EPA  has  determined  that  the  inhalation  data  are  inadequate  to 
determine  inhalation  reference  doses  (RfD)  or  reference  concentrations  (RfC). 
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m-Cresol  is  classified  by  EPA  as  a  Group  C  -  Possible  Human  Carcinogen.  This 
cancer  classification  is  based  on  limited  studies  in  which  mice  developed  skin  cancer  when 
cresols  were  applied  to  their  skin.  Neither  IRIS  or  HEAST  provide  any  cancer  potency  values  for 
this  chemical. 


/>-Cresol 

A  chronic  and  subchronic  oral  RfD  of  5.0  E-3  mg/kg/day  is  provided  in  HEAST 
for  p-cresol  (HEAST,  1994).  This  value  is  based  on  a  subchronic  oral  feeding  study  with  rabbits 
(gestation  days  6  to  18).  The  uncertainty  factor  used  to  derive  these  RfDs  was  1000. 

Currently,  EPA  has  determined  that  the  inhalation  data  are  inadequate  to 
determine  inhalation  reference  doses  (RfD)  or  reference  concentrations  (RfC). 

p-Cresol  is  classified  by  EPA  as  a  Group  C  -  Possible  Human  Carcinogen. 
Neither  IRIS  or  HEAST  provide  any  cancer  potency  values  for  this  chemical. 

References 

ATSDR  (Agency  for  Toxic  Substances  Disease  Registry)  1991.  Toxicological  profile  for  Cresols. 
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G.17  Ethylbenzene 

Little  information  on  the  human  health  effects  of  long-term  exposure  to 
ethylbenzene  was  found  in  the  available  literature.  Low  levels  of  ethylbenzene  in  the  air  cause 
irritation  of  the  eyes  and  throat.  Upon  exposure  to  higher  levels,  persons  demonstrate  signs  of 
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more  severe  effects  such  as  decreased  movement  and  dizziness.  Short-term  exposure  to  high 
levels  of  ethylbenzene  in  air  may  cause  liver  and  kidney  damage,  nervous  system  changes,  and 
changes  in  the  blood  of  laboratory  animals  (ATSDR,  1989). 

No  studies  have  reported  death  in  humans  following  exposure  to  ethylbenzene. 
Studies  in  laboratory  animals  do  suggest  that  ethylbenzene  can  cause  death.  There  is  no  clear 
evidence  that  reproductive  effects  occur  following  inhalation,  ingestion,  or  dermal  contact  with 
ethylbenzene.  Birth  defects  have  occurred  in  newborn  animals  when  the  mothers  were  exposed 
to  ethylbenzene.  These  effects  become  increasingly  serious  with  increasing  doses  of 
ethylbenzene.  A  single  long-term  study  in  animals  suggested  that  ethylbenzene  caused  tumors. 
However,  the  study  had  many  weaknesses  and  conclusions  could  not  be  drawn  regarding  the 
possible  carcinogenic  effects  in  humans  (ATSDR,  1989). 

IRIS  listed  an  oral  RfD  for  ethylbenzene  of  l.OE-01  mg/kg-day.  This  value  was 
based  on  a  subchronic  bioassay  in  which  rats  were  administered  13.6,  136, 408  or  680  mg/kg-day 
ethylbenzene  by  gavage  5  days/week.  The  LOAEL  (Lowest  Observed  Adverse  Effect  Level)  of 
408  mg/kg/day  was  associated  with  histopathologic  changes  in  liver  and  kidney.  The  NOEL  (No 
Observed  Effect  Level)  established  in  this  study  was  136  mg/kg-day  (converted  to  97.1  mg/kg- 
day  to  reflect  treatment  7  days/week).  IRIS  listed  an  inhaled  reference  concentration  (RfC) 
chronic  inhalation  of  ethylbenzene  as  l.OE+0  mg/m^  IRIS  considers  the  confidence  of  this  value 
to  be  low,  however. 

An  uncertainty  factor  of  1000  (lOx  each  for  intraspecies  and  interspecies 
variability  and  lOx  for  extrapolation  of  subchronic  effect  level  to  its  chronic  equivalent)  was  used 
to  derive  the  RfD.  The  level  of  confidence  in  the  RfD  is  low  and  reflects  the  fact  that  only  one 
sex  was  tested  and  that  the  experiment  was  not  of  chronic  duration.  The  inhalation  RFC  is  listed 
as  l.OE+00  mg/m^  in  IRIS. 
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EPA  has  classified  ethylbenzene  as  Group  D-Not  Classifiable  as  to  Human 
Carcinogenicity.  This  classification  was  due  to  lack  of  animal  bioassays  and  human  studies. 
Therefore,  there  is  no  slope  factor  at  this  time. 

References 

ATSDR,  Draft  Toxicological  Profile  for  Ethylbenzene,  1989 
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G.18  4,4’-DDD,  4,4'-DDE  and  4,4'-DDT 

Typically,  people  are  not  exposed  to  4,4'-DDT,  -DDD,  or  -DDE  individually,  but 
rather  to  a  mixture  of  all  three,  since  4,4'-DDE  and  4,4'-DDD  are  contaminants  of  and 
degradation  and  metabolic  products  of  4,4'-DDT.  Therefore,  the  toxicities  of  DDT,  DDE,  and 
DDD  should  be  considered  jointly.  The  human  and  animal  health  effects  that  result  from 
inhalation  of  4,4'-DDT,  -DDE,  or  -DDD  are  currently  unknown.  The  health  effects  resulting 
from  human  exposure  to  4,4'-DDT,  -DDE,  or  -DDD  in  water  are  also  unknown  at  this  time. 
However,  single  human  exposures  to  4,4'-DDT,  -DDE,  or  -DDD  in  food  at  doses  of  214-571 
ppm  have  resulted  in  headache,  nausea,  vomiting,  increased  heart  rate,  and  convulsions.  Long¬ 
term  human  exposures  (18  months)  to  lower  doses  (22  ppm)  of  the  three  compounds  in  food 
caused  no  adverse  health  effects  (ATSDR,  1989). 

4,4' -DDD— The  health  effects  resulting  from  .exposure  of  animals  to  4,4'-DDD  in 
water  are  not  known.  A  NOAEL  of  26  mg/kg-day  was  identified  during  short-term  exposure  (1 
week)  of  mice  to  4,4 '-DDD  in  the  diet.  Exposure  of  rats  to  1221  mg/kg-day  4,4'-DDD  for  16 
days  resulted  in  atrophy  of  the  thymus.  NOAELs  of  165  and  107  mg/kg-day  were  identified  in 
chronic  studies  (78  weeks)  using  rats  and  mice,  respectively.  However,  at  85  mg/kg-day, 
exposure  to  4,4'-DDD  resulted  in  thyroid  tumors  in  rats.  In  a  separate  study,  exposure  to  32.5 
mg/kg-day  4,4'-DDD  caused  lung  tumors  in  mice  (ATSDR,  1989). 
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Neither  IRIS  nor  HEAST  list  an  oral  RfD,  inhalation  RID  or  inhalation  RfC. 

4,4'-DDD  is  a  Group  B2  -  Probable  Human  Carcinogen.  This  classification  is 
based  on  the  induction  of  lung  tumors  in  male  and  female  mice,  liver  tumors  in  male  mice  and 
thyroid  tumors  in  male  rats.  There  are  no  human  carcinogenicity  data.  The  oral  slope  factor,  as 
given  by  IRIS,  is  2.4E-01  (mg/kg-day)  '.  The  supporting  study  used  an  adequate  number  of 
animals,  but  the  slope  factor  was  derived  using  tumor  incidence  data  from  one  dose.  There  is  no 
inhalation  unit  risk  at  this  time. 

4,4'-DDE— The  health  effects  resulting  from  exposure  of  animals  to  4,4’-DDE  in 
water  are  not  known.  Exposure  of  mice  (by  gavage)  to  26  mg/kg-day  4,4'-DDE  for  24  hr/day  for 
one  week  caused  alterations  in  the  liver.  When  rats  were  exposed  to  28  mg/kg-day  4,4'-DDE  by 
gavage  on  gestation  days  15-19,  a  decrease  in  the  weight  of  the  ovaries  was  noted.  A  NOAEL  of 
42  mg/kg-day  was  identified  in  a  long-term  (78  weeks)  study  in  which  rats  were  fed  4,4'-DDE  in 
the  diet.  Hamsters  fed  41.5  mg/kg-day  4,4'-DDE  for  128  weeks  exhibited  necrosis  of  the  liver 
and  when  4,4'-DDE  was  administered  by  gavage,  tumors  of  the  liver  were  observed.  When  mice 
were  exposed  to  19  mg/kg-day  4,4'-DDE  in  the  diet  for  78  weeks,  liver  tumors  were  also 
observed  (ATSDR,  1989). 

There  is  no  RfD  or  RfC  for  DDE  in  IRIS  or  HEAST  . 

4,4'-DDE  is  classified  as  a  group  B2  -  Probable  Human  Carcinogen.  This 
classification  is  based  on  increased  incidence  of  liver  tumors  including  carcinomas  in  two  strains 
of  mice  and  in  hamsters  and  thyroid  tumors  in  female  rats  when  4,4'-DDE  is  given  in  the  diet. 
Human  data  are  not  available.  The  oral  slope  factor  is  3.4E-01  (mg/kg-day)'^  This  value  is  the 
geometric  mean  of  six  slope  factors  computed  from  incidence  data  by  sex.  There  is  no  inhalation 
slope  factor  for  DDE. 

4,4'-DDT— The  primary  effect  of  short-term  exposure  to  high  levels  of  4,4’-DDT 
is  on  the  nervous  system.  Oral  ingestion  of  large  quantities  of  4,4’-DDT  have  resulted  in 
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excitability,  tremors,  and  seizures  in  humans.  Irritation  of  the  eyes,  nose,  and  throat  have  been 
reported  by  people  who  have  come  in  contact  with  4,4'-DDT.  Exposure  to  low  doses  of  DDT  on 
a  long-term  basis  has  resulted  in  changes  in  the  levels  of  liver  enzymes  involved  in  metabolism 
of  drugs  and  chemicals  but  there  was  no  indication  that  4,4’-DDT  caused  irreversible  damage 
(ATSDR,  1989). 

Studies  conducted  in  laboratory  animals  suggest  that  exposure  to  4,4'-DDT  may 
have  harmful  effects  on  reproduction  and  may  result  in  an  increased  occurrence  of  liver  tumors. 
However,  five  studies  of  4,4'-DDT  exposure  in  humans  did  not  show  increases  in  the  number  of 
deaths  or  cancers  (ATSDR,  1989).  Increasing  evidence  indicates  that  pesticides,  including  4,4'- 
DDT,  can  alter  immune  function  in  rodents  although  studies  in  humans  are  limited  and 
ambiguous.  In  a  study  of  pesticide  formulators  in  India,  73%  of  workers  exposed  to  4,4'-DDT 
had  altered  levels  of  serum  immunoglobulins  although  no  increase  in  infections  was  noted. 

The  oral  RfD  for  4,4'-DDT  is  listed  in  IRIS  as  5E-04  mg/kg-day.  This  value  is 
based  on  a  chronic  rat  feeding  study  in  which  4,4'-DDT  was  provided  in  the  diet.  Weanling  rats 
were  fed  commercial  DDT  in  doses  of  0, 1,5,  10,  or  50  ppm  for  15-27  weeks.  Increasing 
hepatocellular  hypertrophy  was  seen  at  doses  of  5  ppm  and  greater.  Therefore,  5  ppm  was 
established  as  a  LOAEL.  A  NOAEL  of  1  ppm  (converted  to  0.05  mg/kg-day)  was  also 
established  in  the  study.  An  uncertainty  factor  of  100  was  used  to  account  for  interspecies 
conversion  and  to  protect  sensitive  human  subpopulations  (lOx  each).  An  uncertainty  factor  for 
subchronic  to  chronic  conversion  was  not  included  because  of  corroborating  chronic  data  in  the 
data  base.  A  confidence  rating  of  medium  was  associated  with  the  RfD  and  reflects  that  the 
principal  study  was  adequate  but  of  shorter  duration  than  desired.  There  are  no  values  for  the 
inhalation  RfD  or  RfC  at  this  time.  HEAST  lists  the  subchronic  oral  RfD  as  5.0E-04  mg/kg-day. 

4,4'-DDT  is  classified  as  Group  B2  -  Probable  Human  Carcinogen.  This 
classification  is  based  on  tumors  (usually  liver)  in  various  mouse  strains  and  three  rat  studies. 
Human  carcinogenicity  data  is  inadequate.  The  oral  slope  factor  listed  in  IRIS  is  3.4E-01 
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(mg/kg-day)  '.  The  inhalation  unit  risk  is  listed  in  IRIS  as  9.7E-05  (mg/m^)  ‘.  HEAST  lists  an 
inhalation  slope  factor  of  3.4E-01  (mg/kg-day)'*. 

References 

ATSDR  (Agency  for  Toxic  Substances  and  Disease  Registry)  (1989)  Toxicological  Profile  for  d.d'-DDT.  DDE. 
DDD.  U.S.  Dept,  of  Health  and  Human  Services,  Atlanta,  GA. 
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G.19  Dibenzofuran 

Neither  IRIS  nor  HEAST  lists  toxicity  values  for  dibenzofuran,  and  there  is  not  an 
established  MCL  for  dibenzofuran  in  Drinking  Water  Regulations  and  Health  Advisories 
(USEPA,  1991).  However,  EPA  Region  HI  lists  a  chronic  oral  reference  dose  of  4.0  E-03 
(mg/kg/day)  in  its  Risk-Based  Concentration  Table  (USEPA,  1995). 

Dibenzofuran  is  an  USEPA  Group  D  Carcinogen  -  Not  Classifiable  as  to  Human 
Carcinogenicity.  No  data  are  available  concerning  the  toxicity  of  dibenzofuran  in  humans  or 
laboratory  animals.  However,  a  risk  assessment  for  dibenzofuran  is  currently  under  review  by  a 
USEPA  work  group. 
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G.20  Dibromomethane 

Dibromomethane  is  a  liquid  (boiling  point  =  97°C)  that  is  soluble  in  water 
to  1%.  Although  specific  data  are  limited,  Dibromomethane  is  expected  to  be  hepatotoxic  in 
mammals.  Hepatotoxicity  among  the  halogenated  methanes  is  related  to  the  ease  that  a  halogen 
can  be  removed  to  yield  a  reactive  metabolite  (Andrews  and  Snyder,  1991).  Consequently,  toxic 
potency  increases  as  1)  the  number  of  halogen  substitutions  increases  and  2)  the  atomic  weight  of 
the  halogen  increases.  For  example,  dichloromethane  and  chlorobromomethane  produce  fatty 
liver  without  necrosis.  Carbon  tetraiodide,  carbon  tetrabromide,  carbon  tetrachloride,  iodoform, 
bromoform,  and  chloroform  can  cause  both  fatty  livers  and  necrosis. 

Halogenated  methanes  have  a  narcotic  effect  on  the  central  nervous 
system.  High  concentrations  can  cause  confusion,  giddiness,  and  disorientation  progressing  to 
unconsciousness  and  death  (Andrews  and  Snyder,  1991).  Metabolism  of  dihalomethanes  by 
mixed  function  oxidases  involves  dehalogenation  and  formation  of  carbon  monoxide.  As  a 
result,  elevated  carboxyhemoglobin  levels  may  be  seen  (Nitschke  et  al.,  1988).  Dibromomethane 
was  mutagenic  in  bacterial  assays.  A  positive  response  was  seen  in  Salmonella  tvphimurium 
strain  TAIOO  in  a  preincubation  assay.  Mutagenicity  was  enhanced  by  the  presence  of  metabolic 
activation  (Van  Bladeren  et  al.,  1980). 

A  Reference  Dose  for  dibromomethane  has  not  been  determined.  The 
Threshold  Limit  Value  is  for  dibromomethane  is  5  ppm  (8-hour  time  weighted  average)  (ACGIH, 
1993-1994).  For  comparison,  dichloromethane  has  a  Reference  Dose  of  0.06  mg/kg/day  and  a 
Threshold  Limit  Value  of  50  ppm  (8-hour  time  weighted  average). 
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G.21  1-2-Dichloroethane 

Acute  inhalation  of  1,2-dichloroethane  has  caused  death  in  humans  as  well  as  well 
as  laboratory  animals.  Inhalation  of  intermediate  to  high  levels  of  the  chemical  has  caused 
pulmonary  and  cardiac  lesions,  congestion  of  the  gastrointestinal  tract,  increased  prothrombin 
clotting  time,  enlarged  liver,  high  serum  levels  of  lactate  and  ammonia,  increased  levels  of  SCOT 
and  SGPT,  nephritis,  and  chronic  splenitis.  Chronic  inhalation  of  lower  levels  of  1,2- 
dichloroethane  has  shown  to  cause  slight  liver  damage. 

The  toxicity  of  ingested  1,2-dichloroethane  is  well  documented  in  laboratory 
animals.  Target  organs  include:  immune  system,  central  nervous  system,  liver,  and  kidney.  1,2- 
dichloroethane  has  also  produced  carcinogenic  and  genotoxic  effects  in  animals  exposed  orally 
(ATSDR,  Toxicological  Profile  for  1,2-Dichloroethane,  1992). 

An  oral  RfD  for  1,2-dichloroethane  has  not  been  established.  EPA  Region  HI 
however,  provides  an  inhalation  RfD  of  2.9  E-3  mg/kg/day  in  its  Risk-Base  Concentration  Table 
(US  EPA,  1995).  This  value  was  used  to  calculate  an  inhalation  Reference  Concentration  (RfC) 
of  1 .0  E-2  mg/m^  by  assuming  an  inhalation  rate  of  20  mVday  and  a  body  weight  of  70  kg. 

EPA  classifies  1,2-dichloroethane  as  Group  B2— Probable  Human  Carcinogen. 
This  is  based  on  the  induction  of  several  tumor  types  in  rats  and  mice  treated  by  gavage  and  lung 
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papillomas  in  mice  after  topical  application.  IRIS  lists  an  oral  slop  factor  of  9.1E-02  (mg/kg- 
day)''  and  an  inhalation  unit  risk  value  of  2.6E-05  (pg/m^)'*. 
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G.22  l,l>Dichloroethene 

Little  information  is  available  on  the  health  risks  associated  with  exposure  to  1,1- 
dichloroethene.  An  ATSDR  document  was  not  available.  The  information  presented  here  was 
obtained  from  IRIS  and  HEAST. 

IRIS  lists  an  oral  RfD  for  1,1-dichloroethene  as  9.0E-3  mg/kg/day.  A  NOEL  was 
not  established,  but  a  LOAEL  of  50  ppm  (9  mg/kg/day)  was  determined.  The  RfD  was  based  on  a 
chronic  oral  bioassay  of  1,1-dichloroethene  in  rats.  Rats  were  given  50,  100,  or  200  ppm  1,1- 
dichloroethene  in  drinking  water  for  2  years.  The  only  pathologic  findings  were  hepatic  lesions. 
These  lesions  were  seen  in  all  female  rat  treated  groups.  A  significant  increase  in  the  incidence 
of  these  lesions  were  seen  in  the  male  rats  that  received  200  ppm,  but  this  trend  was  observed  in 
the  male  rats  who  received  the  100  ppm  dose.  Beagles  were  also  administered  1,1- 
dichloroethene,  but  did  not  show  any  adverse  effects.  Due  to  the  results  of  the  above  study  and 
available  literature,  the  liver  has  been  determined  to  be  the  most  sensitive  organ  to  the  effects  of 
1,1-dichloroethene.  The  rat  has  been  found  to  be  the  most  sensitive  species.  1,1-dichloroethene 
has  been  shown  to  be  phytotoxic,  but  not  teratogenic  in  rodents  after  exposure  to  1,1- 
dichloroethene  in  drinking  water  or  by  inhalation.  The  confidence  in  the  RfD  is  medium, 
although  the  appropriate  number  of  animals  and  two  species  were  studied  because  no  chronic  or 
subchronic  oral  bioassays  were  conducted.  HEAST  lists  the  subchronic  oral  RfD  as  9.0  E-3 
mg/kg/day. 
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No  RfC  is  available  in  either  IRIS  or  HEAST  for  1,1-diehloroethene.  A  risk 
assessment  is  under  review  by  the  EPA  at  this  time. 

1,1-dichloroethene  is  considered  by  the  EPA  to  be  a  possible  human  carcinogen 
(Class  C).  This  determination  was  based  on  the  observation  of  tumors  in  mice  after  inhalation 
exposure.  This  compound  is  also  known  to  be  mutagenic,  and  has  a  metabolite  known  to  alkylate 
and  covalently  bind  to  DNA.  It  is  structurally  similar  to  the  known  human  carcinogen  vinyl 
chloride.  IRIS  lists  an  oral  slope  factor  of  6.0E-1  per  (mg/kg)/day  for  1,1-dichloroethene,  and  an 
inhalation  unit  risk  of  5.0E-5  per  (microg/m^). 

IIDICLET.REV 

G.23  1,2-Dichloroethene 

cis-1.2-Dichloroethene 

There  are  few  studies  regarding  the  toxicity  of  cis-l,2-dichloroethene  alone.  1,2- 
dichloroethene  is  usually  found  as  a  mixture  of  both  the  cis  and  trans  isomers.  It  is  known  that 
the  inhalation  of  high  concentrations  of  1,2-DCE  has  caused  central  nervous  system  depression 
in  humans.  The  effects  of  cis-l,2-dichloroethene  in  humans  or  laboratory  animals  has  not  been 
extensively  investigated. 

HEAST  lists  a  chronic  oral  RfD  as  1  .OE-02  mg/kg-day  and  the  subchronic  oral 
RfD  as  l.OE-01  mg/kg-day.  Cis- 1,2-Dichloroethene  is  a  Group  D  Carcinogen  —  Not  Classifiable 
as  to  Human  Carcinogenicity. 

trans-1 .2-Dichloroethene 

Pathological  changes  (i.e.,  pulmonary  capillary  hyperemia,  alveolar  septal 
distension,  and  pulmonary  edema)  were  observed  in  the  lungs  of  rats  following  inhalation  of 
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trans-l,2-dichloroethene.  Effects  have  also  been  observed  on  the  cardiovascular  system,  on 
circulating  leukocytes  and  erythrocytes,  and  the  liver  following  inhalation  exposure  to  trans-1,2- 
DCE.  After  ingestion  of  the  compound,  laboratory  animals  have  shown  effects  on  the  respiratory 
system,  liver,  and  kidneys.  These  findings  have  not  been  thoroughly  investigated  in  humans.  No 
studies  are  available  regarding  the  dermal  toxicity  of  trans-l,2-DCE. 

IRIS  lists  the  chronic  oral  RfD  as  2.0E-02  mg/kg-day  and  HEAST  provides  2.0E- 
01  mg/kg-day  as  the  subchronic  oral  RfD.  These  values  were  derived  from  the  results  of  a 
subchronic  study  in  mice.  The  critical  effect  was  an  increased  serum  alkaline  phosphatase  level 
in  male  mice  in  the  medium  and  high  dose  groups.  Female  mice  in  the  medium  and  high  dose 
groups  exhibited  a  decreased  thymus  weight.  No  other  treatment-related  effects  were  observed. 

G.24  Dieldrin 

Upon  entry  into  the  environment,  aldrin  is  rapidly  converted  to  dieldrin,  its 
corresponding  epoxide.  Dieldrin  is  lipid-soluble  and  stored  in  adipose  tissue  of  humans  and 
other  animals.  Aldrin  and  dieldrin  cause  similar  adverse  health  effects.  No  increase  in  mortality 
from  any  cause  has  been  reported  in  workers  who  have  been  employed  in  the  manufacture  of 
dieldrin  for  more  than  four  years.  However,  long-term  exposure  to  moderate  levels  of  dieldrin 
causes  headaches,  dizziness,  irritability,  vomiting,  or  uncontrollable  muscle  movements.  CNS 
excitation  culminating  in  convulsions  was  the  principal  toxic  effect  noted  in  occupational  studies 
of  workers  employed  in  the  manufacture  or  application  of  dieldrin.  Short-term  exposure  to  high 
levels  of  dieldrin  causes  convulsion  and  kidney  damage.  Long-term  exposures  to  lower  levels 
may  also  cause  convulsions  as  a  result  of  the  potential  for  dieldrin  to  accumulate  within  the  body. 

The  carcinogenic  and  reproductive/developmental  effects  of  dieldrin  in  humans 
are  currently  unknown.  Experimental  studies  indicate  that  animals  bom  to  mothers  that  were  fed 
dieldrin  do  not  live  long  (ATSDR,  1992).  One  study  revealed  detectable  levels  of  dieldrin  in  the 
human  placenta,  amniotic  fluid,  and  fetal  blood.  These  results  suggest  that  dieldrin  can  pass 
through  the  human  plaeenta  and  accumulate  in  the  developing  fetus. 
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The  oral  RfD  for  dieldrin  is  listed  in  IRIS  as  5E-05  mg/kg/day.  This  value  was 
based  on  a  chronic  (2-year)  rat  feeding  study.  The  critical  effect  noted  in  the  study  was  liver 
lesions.  HEAST  lists  a  value  of  5.00E-05  mg/kg/day  for  the  subchronic  oral  RfD. 

The  uncertainty  factor  used  to  derive  the  RfD  for  dieldrin  is  100.  This  factor 
allows  for  the  extrapolation  of  dose  levels  from  animals  to  humans  and  the  uncertainty  in  the 
threshold  for  sensitive  humans.  The  confidence  level  for  the  RfD  value  is  medium.  The 
principal  study  is  an  older  study  for  which  detailed  data  are  not  available.  The  chronic  toxicity 
evaluation  is  relatively  complete  and  supports  the  critical  effect.  The  RfD  is  given  a  medium 

confidence  rating  based  on  support  for  the  critical  effect  from  other  dieldrin  studies.  Confidence 
in  the  study  is  low.  However,  confidence  in  the  database  is  medium. 

Dieldrin  is  a  Group  B2  -Probable  Human  Carcinogen.  This  is  based  on  the  fact 
that  dieldrin  is  carcinogenic  in  seven  strains  of  mice  when  given  orally.  It  is  also  structurally 
similar  to  aldrin,  chlordane,  heptachlor,  heptachlor  epoxide,  and  chlorendic  acid,  which  are 
tumorgens.  The  oral  slope  factor  listed  by  IRIS  is  1.6E+1  (mg/kg/day)’^  and  is  the  geometric 
mean  of  13  slope  factors  calculated  from  liver  carcinoma  data  in  both  sexes  of  several  strains  of 
mice.  The  inhalation  unit  risk  listed  by  IRIS  is  4.6E-03  pg/m^,  based  on  oral  data.  HEAST  lists 
a  value  of  1.6E+01(mg/kg/day)  ‘  for  the  inhalation  slope  factor. 

References 
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G.25  2,4-Dimethylphenol 

There  is  very  little  information  regarding  the  toxicity  of  2,4-dimethylphenol.  IRIS 
lists  a  chronic  oral  RfD  of  2E-02  mg/kg-day  for  the  compound  while  HEAST  shows  the 
subchronic  oral  RfD  as  2E-01  mg/kg-day.  These  values  are  based  on  a  subchronic  oral  gavage 
study  in  mice  where  the  critical  effect  was  lethargy,  prostration,  ataxia,  and  hematological 
changes.  The  confidence  rating  for  the  RfD  is  low  since  there  are  not  corroborative  studies  and 
since  the  critical  study  was  subchronic  in  duration.  Currently,  EPA  has  not  assigned  2,4- 
dimethylphenol  a  caranogenicity  classification. 

G.26  Heptachlor 

Heptachlor  is  a  major  component  of  the  pesticide  chlordane  and  a  pesticide  in  its 
own  right.  Information  regarding  human  health  effects  from  exposures  to  heptachlor  is  sparse. 
Tremors  and  convulsions  have  been  reported  in  experimental  animals  exposed  orally  to  high 
levels  of  heptachlor  for  short  periods  of  time  (ATSDR,  1992).  Long-term  exposure  to  heptachlor 
may  adversely  affect  the  liver.  Animals  fed  heptachlor  in  an  experimental  setting  have  been 
reported  to  have  enlarged  livers,  liver  damage,  kidney  damage,  and  increased  red  blood  cell 
count.  Tremors  and  convulsions  have  also  been  reported  in  animals  exposed  to  heptachlor  on  a 
long-term  basis  (ATSDR,  1992). 

Evidence  which  supports  an  association  between  heptachlor  and  infertility  or 
improper  development  of  offspring  includes  animal  studies  showing:  1)  females  are  less  likely  to 
be  impregnated  when  both  males  and  females  were  fed  heptachlor;  2)  and  rats  bom  to  dams  fed 
heptachlor  during  pregnancy  tended  to  develop  cataracts.  Heptachlor  has  also  been  reported  to 
cause  liver  cancer  when  fed  to  animals  (ATSDR,  1992). 

The  chronic  oral  RfD  for  heptachlor  is  listed  as  5E-04  mg/kg/day  in  IRIS.  This  is 
based  on  a  two-year  study  in  which  rats  were  fed  0, 1.5,  3, 5, 7,  or  10  ppm  heptachlor.  The  two 
highest  doses  caused  liver  lesions  characteristic  of  chlorinated  hydrocarbon  exposure.  The 
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NOEL  was  5  ppm  for  the  lesions  and  3  ppm  for  males  with  increased  liver-to-body  weight  ratios. 

Based  on  a  chronic  exposure  study,  an  oral  RfD  uncertainty  factor  of  100  was 
used  to  account  for  interspecies  and  intraspecies  differences.  An  additional  factor  of  3  was 
considered  appropriate  because  of  the  lack  of  chronic  toxicity  confirmation  in  a  second  species, 
for  a  total  uncertainty  factor  of  300.  The  confidence  level  was  low  because  of  low  study  quality 
and  incomplete  chronic  toxicity  data  in  the  database.  The  subchronic  oral  RfD  (5E-4  mg/kg/day) 
is  the  same  as  the  chronic  oral  RfD  according  to  HEAST. 

There  are  no  inhalation  RfD  or  RfC  values  listed  at  this  time. 

Heptachlor  is  a  Group  B2  -  Probable  Human  Carcinogen.  There  are  inadequate 
human  data,  but  sufficient  evidence  exists  from  studies  in  which  benign  and  malignant  liver 
tumors  were  induced  in  three  strains  of  mice  of  both  sexes.  It  is  also  structurally  similar  to 
several  other  liver  carcinogens.  The  oral  slope  factor  is  4.5  (mg/kg/day)'*  and  is  the  geometric 
mean  of  the  slope  factors  from  four  mouse  data  sets.  Adequate  numbers  of  animals  were  treated, 
and  the  incidences  of  malignant  lesions  were  significantly  increased  in  each  data  set.  The 
inhalation  unit  risk  was  listed  in  IRIS  as  1.3E-03  (/ig/m^)'*.  The  inhalation  slope  factor  is  listed 
in  HEAST  as  4.5E+00  (mg/ka/day)'*. 

References 

ATSDR  (Agency  for  Toxic  Substances  and  Disease  Registry)  (1992)  Toxicological  Profile  for 

Heotachlor/Heptachlor  Epoxide.  U.S.  Dept,  of  Health  and  Human  Services,  Atlanta,  GA. 
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G.27  Heptachlor  Epoxide 

Upon  entering  the  body,  heptachlor  is  metabolized  to  heptachlor  epoxide  and  other 
related  chemicals.  Heptachlor  epoxide  is  more  harmful  than  heptachlor,  primarily  because  of  its 
ability  to  be  stored  in  fat  for  long  periods  of  time.  The  breakdown  products  of  heptachlor  epoxide 
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are  generally  are  less  toxic.  Lxjng-term  exposure  to  heptachlor  epoxide  may  adversely  affect  the 
liver.  Animals  fed  heptachlor  epoxide  in  an  experimental  setting  have  been  reported  to  have 
enlarged  livers,  liver  damage,  kidney  damage,  and  increased  red  blood  cell  count. 

Placental  transfer  of  heptachlor  epoxide  has  been  reported  following  inhalation 
exposure.  Heptachlor  epoxide  has  also  been  identified  in  breast  milk.  This  compound  has  been 
detected  in  stillborn  infant  brain,  adrenal,  lung,  heart,  liver,  kidney,  spleen,  and  adipose  tissues. 
However,  the  studies  reporting  these  findings  were  limited  by  lack  of  data  concerning  route, 
duration,  extent  of  exposure,  and  number  of  cases  examined.  No  gross  malformations  were  reported 
in  any  of  the  stillborn  infants.  Although  a  developing  fetus  could  be  exposed  to  heptachlor  epoxide 
transplacentally,  the  existing  data  are  inadequate  to  establish  a  relationship  between  exposure  and 
human  developmental  toxicity  (ATSDR,  1992). 

The  oral  RfD  for  heptachlor  epoxide  is  listed  as  1.3E-05  mg/kg/day  in  IRIS.  This 
value  is  based  on  a  chronic  feeding  study  conducted  in  dogs  fed  diets  containing  0, 0.5,  2.5, 5,  or  7.5 
ppm  of  heptachlor  epoxide  for  60  weeks.  The  critical  effect  noted  in  the  study  was  treatment-related 
increases  in  liver-to-body  weight  ratios.  Effects  were  noted  in  both  males  and  females  and  a  Lowest 
Effect  Level  (LEL)  of  0.5  ppm  was  established.  A  NOEL  was  not  established  in  this  study. 

An  uncertainty  factor  of  1000  was  used  to  account  for  inter-  and  intra-species 
differences  and  because  a  NOEL  was  not  established  in  the  study.  The  confidence  associated  with 
the  oral  RfD  was  low,  reflecting  that  the  principal  study  was  of  low  quality  and  that  the  database  on 
chronic  toxicity  is  complete  but  consists  of  low  quality  studies.  The  subchronic  RfD  listed  in 
HEAST  is  the  same  as  the  chronic  RfD  (1.3E-05  mg/kg/day)  listed  in  IRIS. 

Heptachlor  epoxide  is  classified  by  the  USEPA  as  Group  B2  -  Probable  Human 
Carcinogen.  Sufficient  evidence  exists  from  rodent  studies  in  which  liver  carcinomas  were  induced 
in  two  strains  of  mice  of  both  sexes  and  in  CFN  female  rats.  It  is  also  structurally  similar  to  several 
other  liver  carcinogens.  There  are  no  published  epidemiologic  evaluations  of  heptachlor  epoxide. 
The  oral  slope  factor  listed  in  IRIS  is  9.1E+00  (mg/kg/day)  ‘.  An  inhalation  unit  risk  of  2.6E-03 


March  1996 


G-44 


Galena  Airport 


Appendix  G — Human  Health  Toxicity  Profiles 
Baseline  Risk  Assessment 


|ig/m'^  was  calculated  from  oral  data.  HEAST  lists  a  value  of  9.1E+00  (mg/kg/daj^)  for  the 
inhalation  slope  factor. 


References 
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Epoxide.  U.S.  Dept,  of  Health  and  Human  Services,  Atlanta,  GA. 
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G.28  2-Hexanone 

Workers  exposed  to  2-Hexanone  for  almost  a  year  experienced  weakness,  numbness, 
and  tingling  in  the  skin  of  the  hands  and  feet.  In  animals  that  ingested  or  breathed  2-Hexanone, 
weakness,  clumsiness  and  paralysis  were  seen.  Subchronic  effects  in  animals  that  inhaled  pure  2- 
Hexanone  included  nerve  damage,  weakness  in  the  legs,  a  decreased  number  of  white  blood  cells, 
and  decreased  weight  of  testes.  Paralysis  was  seen  in  rats  who  ingested  2-Hexanone  for  more  than 
14  days  and  similar  effects  were  seen  after  dermal  contact  (ATSDR,  1990). 

An  outbreak  of  distal  polyneuropathy  was  reported  in  a  fabric  plant  using  2-hexanone 
for  about  10  months.  Eight  of  86  employees  showing  symptoms  had  weight  losses  of  3  to  60  pounds 
and  moderate  to  severe  neurological  impairment.  Other  employees  had  mild  sensory  impairment  and 
electrodiagnostic  abnormalities.  The  concentration  of  2-hexanone  averaged  9.2  ppm  in  front  of 
fabric  printing  machines  and  about  36  ppm  behind  the  machines.  After  use  of  2-hexanone  was 
discontinued,  weight  gain  was  uniformly  noted  in  those  that  had  lost  weight.  Other  chemicals,  such 
as  methyl  ethyl  ketone,  may  have  been  present  in  the  atmosphere  (ATSDR,  1990). 

Developmental  effects  in  rats  exposed  to  1,000  ppm  or  2,000  ppm  2-hexanone  (purity 
not  stated)  during  gestation  included  hyperactivity  in  the  young  and  decreased  activity  in  the  geriatric 
stage.  Also  noted  was  decreased  rate  of  avoidance  learning  in  puberty-aged  females  of  treated  dams 
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and  increased  random  movement  in  puberty-aged  and  adult  offspring  of  treated  dams  (ATSDR, 
1990). 


Toxicity  values  for  2-hexanone  are  not  available  in  IRIS  or  HEAST.  An  LD50  of 
2,590  mg/kg  was  calculated  for  gavage  administration  of  2-hexanone  to  rats.  No  deaths  occurred 
in  24  hours  in  rats  given  1,500  mg/kg  by  gavage.  The  NOAEL  for  acute  exposure  resulting  in 
hepatic  and  renal  effects  was  reported  to  be  1 ,500  mg/kg-day  in  rats.  A  LOAEL  of  660  mg/kg-day 
was  reported  for  a  90  day  study  resulting  in  weight  loss  in  rats.  For  intermediate  exposure  (40 
weeks),  a  NOAEL  of  400  mg/kg-day  resulting  in  hepatic  and  renal  effects  in  rats  was  reported.  In 
guinea  pigs,  a  LOAEL  of  600  mg/kg-day  resulted  in  abnormal  pupil  response  and  in  hens,  a  LOAEL 
of  100  mg/kg-day  resulted  in  ataxia  (ATSDR,  1990). 
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G.29  Lead 

Lead  is  found  in  nearly  all  phases  of  the  environment  and  in  most  biologic  systems. 
The  principal  route  of  exposure  is  in  food,  but  other  important  sources  include  lead-based  paints, 
auto  exhaust,  industrial  emissions,  and  lead  glazed  pottery  used  in  food  service.  Lead  absorption 
from  the  gastrointestinal  tract  or  through  the  respiratory  system  is  dependent  upon  a  number  of 
factors.  Children  are  known  to  absorb  a  greater  percentage  of  lead  from  the  diet  than  adults. 
Although  lead  produces  a  variety  of  toxic  effects  depending  upon  the  route  of  exposure  and  its 
chemical  form,  the  most  important  effect  of  lead  is  its  adverse  effect  on  cognitive  abilities  and  motor 
skills  in  young  children.  Low  level  exposure  to  lead  during  infancy  and  childhood  increases  the  risk 
of  irreversible  neurobehavioral  deficits  at  levels  of  internal  exposure  as  low  as  10  to  15  /Ug/dL  in 
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blood.  Other  target  organs  include  the  kidneys,  red  blood  cells,  and  the  gastrointestinal  and 
reproductive  tracts  (ATSDR,  1992). 

Much  information  about  the  health  effects  of  lead  has  been  obtained  through  decades 
of  medical  observation  and  scientific  research.  Therefore,  the  degree  of  uncertainty  about  the  health 
effects  of  lead  is  quite  low  by  comparison  to  most  other  environmental  toxicants.  The  standard 
approach  for  quantifying  the  effects  of  a  chemical  relies  on  identifying  the  dose  associated  with 
adverse  effects.  This  approach  has  not  been  successful  for  lead.  Lead  is  found  ubiquitously  in  the 
environment  and,  therefore,  it  is  difficult  (if  not  impossible)  to  isolate  the  route  of  exposure  and 
characterize  the  effects  of  lead  with  varying  dose.  In  addition,  it  appears  that  some  of  the  health 
effects  associated  with  lead,  particularly  those  affecting  children  (neurobehavioral  development)  may 
essentially  be  without  a  threshold.  The  U.S.  EPA’s  Agency  RfD  Work  Group  currently  considers 
it  inappropriate  to  develop  an  RfD  for  inorganic  lead.  RfD  methodologies  are  not  flexible  enough 
to  incorporate  site  specific  information  on  lead  exposure  sources  and  demographic  information 
because  they  are  fundamentally  route  specific  (ATSDR,  1992). 

The  most  current  regulatory  level  of  control  for  lead  is  the  maximum  contaminant 
level  goal  (MCLG)  listed  in  IRIS  of  zero  mg/L  lead  and  the  action  level  of  0.015  mg/L  for  lead 
recently  finalized  by  the  Office  of  Drinking  Water.  The  MCLG  is  based  upon  the  health  effects  of 
lead  in  infants  and  pregnant  women  as  a  sensitive  subpopulation.  An  OSWER  memorandum  entitled 
"Cleanup  Level  for  Lead  in  Groundwater"  (June  21,  1990)  summarized  data  from  several  U.S.  EPA 
reports  that  indicated  that  steady-state  exposure  to  drinking  water  lead  concentrations  of  0.015  mg/L 
would  result  in  blood  levels  below  the  concern  level  of  10  pg/dL  in  99%  of  young  children  who  are 
not  concurrently  exposed  to  excessive  lead  paint  exposure  or  heavily  contaminated  soils  (U.S.  EPA, 
1990).  However,  the  range  of  10-15  pg/dL  is  regarded  as  a  level  of  concern,  warranting  medical 
attention,  and  not  a  dose  level  or  threshold  below  which  no  adverse  health  effects  would  be  expected 
to  occur.  In  other  words,  it  is  not  strictly  parallel  to  the  definition  of  an  RfD.  Therefore,  it  was 
considered  inappropriate  to  derive  a  daily  dose  associated  with  this  concentration  in  drinking  water 
for  use  as  a  surrogate  RfD.  This  approach  would  have  ignored  the  contribution  of  lead  from 
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background  sources  and  was  not  considered  to  be  sufficiently  protective  of  young  children  from  the 
developmental  effects  of  lead. 

The  U.S.  EPA  has  classified  lead  as  Group  B2  -  Probable  Human  Carcinogen, 
Quantifying  the  cancer  risk  associated  with  lead  involves  many  uncertainties,  some  of  which  may 
be  unique  to  lead.  Age,  health,  nutritional  state,  body  burden,  and  exposure  duration  influence  the 
absorption,  release,  and  excretion  of  lead.  Current  knowledge  of  lead  pharmacokinetics  indicates 
that  an  estimate  derived  by  standard  procedures  would  not  truly  describe  the  potential  risk. 
Therefore,  a  cancer  slope  factor  has  not  been  calculated  for  lead. 
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G.30  Manganese 

Inhalation  of  manganese  particulates  can  lead  to  an  inflammatory  response  in  the 
lungs.  This  reaction  has  been  observed  in  both  man  and  laboratory  animals  and  is  not  unique  to 
manganese.  It  is,  instead,  characteristic  of  nearly  all  inhalable  particulate  matter.  There  is 
conclusive  evidence  in  humans,  however,  indicating  that  inhaling  high  levels  of  manganese  can 
result  in  a  disabling  neurological  syndrome  that  is  accompanied  by  apathy,  general  weakness, 
dullness,  anorexia,  and  muscle  pain.  Impotence  and  loss  of  libido  are  common  signs  in  male  workers 
exposed  to  relatively  high  levels  of  manganese  in  the  air  (ATSDR,  1990). 

Most  animal  studies  indicate  that  manganese  has  a  low  acute  oral  toxicity.  No 
adverse  health  effects  were  seen  in  mice  given  810  mg/kg/day  during  a  chronic  feeding  study.  There 
are  no  studies  available  at  this  time  regarding  health  effects  in  humans  or  laboratory  animals 
following  dermal  exposure  to  manganese  (ATSDR,  1990). 
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IRIS  lists  the  chronic  oral  RfD  for  manganese  in  water  as  5.0E-03  mg/kg/day  and  in 
food  as  1.4E-01  mg/kg/day.  HEAST  lists  the  subchronic  oral  RfD  for  manganese  in  water  as  5.0E-3 
mg/kg/day  and  the  subchronic  RfD  for  manganese  in  food  as  1.4E-1  mg/kg/day. 

The  uncertainty  factor  for  the  oral  RfD  of  Manganese  is  1.  This  is  based  on  many 
large  populations  consuming  normal  diets  over  an  extended  period  of  time  with  no  adverse  health 
effects.  The  available  information  provides  a  chronic  NOAEL  in  many  cross-sections  of  human 
populations.  For  the  drinking  water  RfD,  an  uncertainty  factor  of  1  is  also  applied.  The  study  group 
is  considered  to  comprise  a  sensitive  subpopulation.  No  one  study  is  used  to  derive  the.dietaiy  RfD. 
No  information  is  available  to  indicate  toxic  levels  in  the  human  diet.  Confidence  in  the  database 
is  medium  as  is  confidence  in  the  oral  RfD. 

IRIS  lists  an  inhalation  RfC  of  5.0E-05  mg/m^  based  on  an  increased  prevalence  of 
respiratory  symptoms  and  psychomotor  disturbances  in  male  workers  occupationally  exposed  to 
inorganic  manganese. 

The  uncertainty  factor  for  the  RfC  is  1000.  This  takes  into  account  protection  of 
sensitive  individuals,  use  of  a  LOAEL,  and  database  limitations.  Also  taken  into  consideration  is 
the  less  than  chronic  period  of  exposure. 

The  confidence  level  for  the  RfC  is  medium.  In  the  principal  study  and  supporting 
studies,  adequate  numbers  of  manganese  workers  were  matched  with  adequate  numbers  of  control 
workers,  but  no  monitoring  data  were  available  to  characterize  past  manganese  levels.  Confidence 
in  the  database  is  also  medium. 

The  U.S.EPA  considers  manganese  a  Group  D  Carcinogen,  or  Not 
Classifiable  as  to  Human  Carcinogenicity.  The  basis  for  this  classification  is  the  absence  of  human 
studies  and  the  inadequacy  of  existing  animal  studies  regarding  carcinogenic  potential. 
Classification  of  a  chemical  as  Group  D  precludes  quantitative  toxicity  assessment.  Therefore,  no 
slope  factor  was  listed  for  manganese  in  either  IRIS  or  HEAST. 
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G.31  Methylene  Chloride 

Based  on  the  results  from  experimental  studies,  exposure  to  methylene  chloride 
vapors  may  cause  irritation  of  the  eyes  and  damage  the  cornea.  One  study  reported  these  effects  at 
400  ppm,  however,  the  effects  usually  disappeared  within  a  few  days.  Inhalation  of  300  ppm  or 
greater  concentrations  of  methylene  chloride  for  short  periods  of  time  (3  to  4  hours),  may  result  in 
a  slight,  but  temporary  hearing  loss  and  slight  vision  impairment.  Inhalation  of  higher  concentrations 
(800  ppm)  may  result  in  slowed  reaction  time,  loss  of  balance  and  stability,  and  decreased  ability  to 
perform  tasks  requiring  fine  motor  skills.  Longer  exposures  may  cause  dizziness,  nausea,  tingling 
or  numbness  of  the  fingers  and  toes,  and  drunkenness.  In  most  cases,  these  effects  disappear  upon 
cessation  of  exposure.  Studies  conducted  in  experimental  animals  suggest  that  exposure  to  higher 
concentrations  (greater  than  1,000  ppm)  can  lead  to  unconsciousness  and  death  (ATSDR,  1992). 

Inhalation  of  methylene  chloride  has  been  reported  to  cause  changes  in  the  liver  and 
kidneys  of  animals  but  similar  effects  have  not  been  observed  in  humans.  Studies  conducted  with 
laboratory  animals  indicated  that  inhalation  of  methylene  chloride  does  not  cause  birth  defects  or 
affect  reproduction,  even  at  high  concentrations.  Methylene  chloride  has  not  been  associated  with 
cancer  in  humans  exposed  to  vapors  in  the  workplace.  However,  inhalation  of  high  concentrations 
for  long  periods  of  time  did  cause  cancer  in  mice.  No  information  was  located  in  the  available 
literature  regarding  the  effects  of  methylene  chloride  in  humans  following  oral  exposure.  Methylene 
chloride  has  resulted  in  the  death  of  rats  orally  exposed  to  large  quantities  over  a  short  period  of 
time.  No  information  was  located  on  the  health  effects  associated  with  dermal  contact  with 
methylene  chloride  (ATSDR,  1992). 
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IRIS  lists  a  chronic  oral  RfD  of  6.0E-02  mg/kg-day.  The  subchronic  RfD  listed  in 
HEAST  is  the  same  value.  This  is  based  on  a  chronic  drinking  water  bioassay  conducted  in  rats. 
Rats  received  5, 50, 125  or  250  mg/kg-day  methylene  chloride  for  two  years.  Histologic  alterations 
of  the  liver  were  evident  at  doses  of  50  mg/kg-day  or  higher.  Low  dose  of  5.85  and  6.47  mg/kg  were 
established  as  the  NOAELs  for  male  and  female  rats,  respectively. 

An  uncertainty  factor  of  100  was  applied  to  account  for  intra-  and  interspecies 
variability  to  the  toxicity  in  lieu  of  specific  data  (lOx  each).  The  level  of  confidence  in  the  oral  RfD 
is  medium.  This  rating  reflects  that  the  critical  study  was  well  performed  but  that  only  a  few  studies 
support  the  NOAEL.  HEAST  lists  both  the  chronic  and  subchronic  inhalation  RfC  as  3.0E+00 
mg/m^.  However,  the  chronic  RfC  is  currently  under  review  by  USEPA  work  group  and,  therefore, 
the  number  may  change. 

USEPA  has  classified  methylene  chloride  as  a  Group  B2“Probable  Human  Carcino¬ 
gen.  There  is  sufficient  evidence  of  carcinogenicity  in  animals  including  increased  incidence  of 
hepatocellular  neoplasms  and  alveolar/bronchiolar  neoplasms  in  mice,  benign  mammary  tumors  in 
rats,  salivary  gland  sarcomas  in  male  rats  and  leukemia  in  female  rats.  However,  the  human 
carcinogenicity  data  are  considered  inadequate  for  use  in  classifying  this  compound.  IRIS  lists  the 
oral  slope  factor  as  7.5E-03  (mg/kg-  day)  '.  IRIS  also  lists  an  inhalation  unit  risk  factor  of  4.7E-07 
Cug/m^)-'. 


References 

ATSDR,  Draft  Toxicological  Profile  for  Methylene  Chloride,  1992 

APPX.G 

12/19/94 


G-51 


March  1996 


Appendix  G — Human  Health  Toxicity  Profiles 
Baseline  Risk  Assessment 


Galena  Airport 


G.32  Methyl  Ethyl  Ketone 

Little  information  is  available  on  the  toxicity  of  methyl  ethyl  ketone.  In  fact,  methyl 
ethyl  ketone  has  been  suggested  as  a  replacement  for  two  similar  industrial  solvents  (n-hexane  and 
methyl  n-butyl  ketone)  because  of  its  apparent  lack  of  neuropathologic  effects  (Lauwerys,  1991). 

The  oral  RfD  for  methyl  ethyl  ketone  of  6.0E-1  mg/kg/day  was  listed  in  IRIS. 
HEAST  lists  a  subchronic  RfD  of  2.0  E+0  mg/kg/day.  IRIS  also  lists  a  chronic  inhalation  RfC  of 
1.0E+0mg/m^ 

EPA  has  classified  methyl  ethyl  ketone  as  Group  D  -  Not  Classifiable  as  to  Human 
Carcinogenicity  due  to  inadequate  animal  data  and  no  human  carcinogenicity  data.  Therefore,  no 
slope  factor  is  listed. 

mek 
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G.33  2-Methylnaphthalene 

Currently  there  are  no  toxicity  information  available  to  quantify  the  adverse  health 
effects  of  2-methylnaphthalene.  In  the  absence  of  these  data,  the  USEPA  Superfund  Health  Risk 
Technical  Support  Center  was  contacted  for  further  guidance  (Personal  Communication,  August, 
1994). 


In  their  response,  the  Technical  Support  Center  stated  that  EPA  has  not  derived  any 
toxicity  information  for  2-methylnaphthalene,  nor  is  this  chemical  under  consideration  by  the 
RfD/RfC  Work  Group.  Additionally,  no  occupational  guidelines  and/or  regulations  were  located 
for  this  PNA. 
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EPA  further  stated,  "studies  regarding  health  effects  in  humans  or  animals  following 
inhalation,  oral,  or  dermal  exposure  to  2-methylnaphthalene  are  not  available,  but  data  are  available 
on  metabolism  and  health  effects  following  acute  intraperitoneal  injection  of  this  PNA  in  rodents. 
By  themselves,  these  data  do  not  provide  a  sufficient  base  for  the  derivation  of  an  RfC  for  2- 
methylnaphthalene."  Because  of  the  lack  of  toxicity  data  available  for  2-methylnaphthalene,  EPA's 
Technical  Support  Center  did  not  provide  provisional  toxicity  value(s)  for  this  analyte. 

G.34  Pentachlorophenol 

Limited  data  exists  regarding  the  effects  of  inhalation  exposure  of  pentachlorophenol 
in  humans  or  animals.  Often,  pentachlorophenol  is  contaminated  with  compounds  such  as 
chromium,  dioxins,  dibenzofurans,  and  arsenic;  therefore,  it  is  difficult  to  discern  if  toxic  effects  are 
actually  a  result  of  pentachlorophenol.  It  is  known  that  dusts  from  pentachlorophenol  and  its  sodium 
salt  are  particularly  irritating  to  the  eyes  and  nose.  Low  grade  inflammation  of  the  skin  and 
subcutaneous  tissue,  conjunctival  membrane  of  the  eyes,  and  severe  eruptions  of  the  skin.  Also,  a 
brief  report  suggests  that  prolonged  exposure  to  commercial  pentachlorophenol-containing  wood 
preservatives  may  be  associated  with  endocrine  and  immunologic  dysfunction  and  reproductive 
disorders. 


Evidence  of  biochemical  and  gross  changes  in  the  liver  of  rodents  orally  exposed  for 
a  chronic  duration  to  pentachlorophenol  exists.  Mild  renal  toxicity  (increased  organ  weight  and 
altered  enzyme  levels)  has  also  been  observed  in  lab  animals  after  subchronic/chronic  oral 
administration.  Immunological  toxicity,  developmental  effects,  and  the  formation  of 
hemangiosarcomas  have  been  attributed  to  oral  exposure  with  pentachlorophenol  in  lab  animals 
(ATSDR,  Toxicological  Profile  for  Pentachlorophenol,  1992). 

IRIS  lists  a  chronic  oral  RfD  for  pentachlorophenol  as  3E-02  mg/kg-day.  The  same 
value  is  listed  in  HEAST  for  the  subchronic  oral  RfD.  These  values  are  based  on  a  chronic  oral 
study  in  rats  where  liver  and  kidney  lesions  were  the  critical  effect.  The  confidence  rating  in  the  RfD 
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is  medium.  Currently,  no  inhalation  RfCs  have  been  developed  for  pentachlorophenol,  but  an  EPA 
work  group  is  reviewing  the  data. 

Pentachlorophenol  is  classified  as  a  Group  B2— Probable  Human  Carcinogen.  EPA 
has  made  this  assignment  due  to  the  increased  incidences  of  multiple  biologically  significant  tumor 
types  and  two  uncommon  tumor  types  (adrenal  medulla  pheochromocytomas  and 
hemangiosarcomas).  This  classification  is  also  supported  by  mutagenicity  data.  IRIS  lists  an  oral 
cancer  slope  factor  of  1.2E-01  mg/kg-day  for  pentachlorophenol.  An  inhalation  unit  risk  value  has 
not  been  developed  for  this  compound. 

G.35  Polynuclear  Aromatic  Hydrocarbons  (PNAs) 

PNAs  are  a  group  of  chemicals  that  are  formed  during  the  incomplete  burning  of  coal, 
oil,  gas,  wood,  garbage,  and  other  organic  substances.  PNAs  are  generated  through  human  activities 
or  can  occur  naturcdly.  As  such,  these  compounds  are  found  throughout  the  environment  in  the  air, 
water,  and  soil.  Although  there  are  over  100  different  PNAs,  EPA  has  only  evaluated  17  of  these 
compounds.  Of  these  17  PNAs,  only  seven  are  listed  as  probable  human  carcinogens  (EPA  Group 
B2). 


In  determining  the  toxicity  values  for  these  17  PNAs,  EPA  uses  two  approaches.  For 
noncarcinogens,  EPA  assesses  each  PNA  individually.  The  noncarcinogenic  toxicity  values  for  each 
of  these  PNAs  are  listed  below.  For  carcinogens,  EPA  has  estimated  order  of  magnitude  potential 
potency  factors  for  all  carcinogenic  PNAs  except  B[a]P.  These  potency  factors  are  based  on  the 
potency  of  each  PNA  relative  to  B[a]P.  This  comparison  to  B[a]P  was  made  since  it  is  regarded  as 
the  most  potent  carcinogenic  PNA. 

To  determine  the  toxicity  values  for  the  remaining  carcinogenic  PNAs,  EPA  suggests 
that  the  oral  slope  factor  of  B[a]P  be  multiplied  by  the  potential  potency  factor  for  each 
corresponding  PNA.  The  oral  slope  factor  for  B[a]P  is  7.3E+00  (mg/kg/day)'*  .  The  order  of 
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magnitude  potential  potency  factors,  and  the  resultant  oral  slope  factors  for  the  remaining 
carcinogenic  PNAs  are  provided  in  the  following  text. 

Acenaphthene 

No  information  is  available  from  human  studies  to  determine  the  health  effects 
resulting  from  exposure  to  specific  levels  of  acenaphthene  although  inhalation  and  dermal  exposure 
to  mixtures  of  PNAs  has  been  associated  with  the  development  of  cancer  in  humans  (ATSDR, 
Toxicologic  Profile  for  Poly  Aromatic  Hydrocarbons,  1990).  The  levels  and  length  of  exposure  to 
individual  PNAs  that  result  in  human  health  effects  can  not  be  determined  from  the  data  that  are 
currently  available.  Therefore,  exposure  levels  that  presumably  cause  human  health  effects  have 
been  estimated  from  experimental  studies  conducted  in  laboratory  animals.  Estimates  of  exposure 
that  pose  minimal  risks  to  humans  have  been  made  where  data  are  believed  to  be  reliable.  A  minimal 
risk  level  (MRL)  of  3.6  ppm  in  food  for  short-term  human  exposure  (less  than  or  equal  to  14  days) 
has  been  estimated  for  PNAs  in  general.  This  estimated  MRL  is  based  on  experimental  studies  in 
which  laboratory  animals  were  fed  benzo[a]pyrene.  Short-term  exposure  of  mice  to  benzo[a]pyrene 
in  the  diet  caused  birth  defects.  Long-term  (6  months)  exposure  of  mice  resulted  in  adverse  effects 
on  the  liver  and  blood.  Adjustments  to  reflect  human  variability  and,  where  appropriate,  the 
uncertainty  of  extrapolating  from  animals  to  humans  have  been  made.  The  MRL  provides  a  basis 
for  comparison  with  levels  that  people  might  encounter  in  food.  Exposure  of  humans  to  levels  of 
PNAs  below  the  estimated  MRL  is  not  expected  to  result  in  harmful  (noncancer)  health  effects 
(ATSDR,  Toxicological  Profile  for  Polyaromatic  Hydrocarbons,  1990).  It  should  be  recognized  that 
uncertainties  are  associated  with  use  of  MRLs,  particularly  with  respect  to  PNAs  since  estimates 
were  based  on  data  obtained  with  benzo[a]pyrene.  It  is  well  known  that  there  are  differences 
between  different  PNAs  with  regard  to  metabolism  and,  therefore,  there  may  be  significant 
toxicologic  differences.  MRLs  have  not  been  estimated  for  other  routes  of  exposure  (ATSDR, 
Toxicological  Profile  for  Polyaromatic  Hydrocarbons,  1990). 

An  oral  RfD  of  6.0E-02  mg/kg-day  is  listed  in  IRIS  for  acenaphthene.  This  value  is 
based  on  a  subchronic  study  conducted  in  mice.  Mice  were  gavaged  daily  with  0, 175, 350,  or  700 
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mg/kg-day  acenaphthene  for  90  days.  Results  from  the  study  indicated  no  treatment-related  effects 
on  survival,  clinical  signs,  body  weight  changes,  food  intake,  or  opthalmological  alterations. 
However,  dose-related  liver  weight  changes  accompanied  by  microscopic  alterations  (cellular 
hypertrophy)  were  noted  in  both  mid-  and  high-dose  groups.  Significant  increases  in  cholesterol 
levels  were  observed  in  high-dose  males  and  mid-  and  high-dose  females.  A  NOAEL  of  175  mg/kg- 
day  and  a  LOAEL  of  350  mg/kg-day  were  established. 

An  uncertainty  factor  of  3000  was  applied  to  account  for  inter-  and  intra-species 
variability  (lOx  each),  less  than  chronic  duration  of  the  study  (lOx),  and  the  lack  of  adequate  data 
in  a  second  species  and  reproductive/developmental  data  (3x).  A  low  confidence  rating  was  given 
for  the  RfD  because  of  the  lack  of  supporting  chronic  toxicity  and  developmental/reproductive  data. 
HEAST  lists  a  subchronic  oral  RfD  of  6.0E-01  mg/kg-day.  Currently  there  is  no  data  regarding  the 
potential  carcinogenicity  of  acenaphthene. 

Acenapthylene 

No  information  is  available  from  human  studies  to  determine  the  health  effects 
resulting  from  exposure  to  specific  levels  of  acenapthylene  although  inhalation  and  dermal  exposure 
to  mixtures  of  PNAs  has  been  associated  with  the  development  of  cancer  in  humans  (ATSDR, 
Toxicologic  Profile  for  Poly  Aromatic  Hydrocarbons,  1990). 

The  levels  and  length  of  exposure  to  individual  PNAs  that  result  in  human  health 
effects  can  not  be  determined  from  the  data  that  are  currently  available.  Therefore,  exposure  levels 
that  presumably  cause  human  health  effects  have  been  estimated  from  experimental  studies 
conducted  in  laboratory  animals.  Estimates  of  exposure  that  pose  minimal  risks  to  humans  have 
been  made  where  data  are  believed  to  be  reliable.  A  minimal  risk  level  (MRL)  of  3.6  ppm  in  food 
for  short-term  human  exposure  (less  than  or  equal  to  14  days)  has  been  estimated  for  PNAs  in 
general.  This  estimated  MRL  is  based  on  experimental  studies  in  which  laboratory  animals  were  fed 
benzo[a]pyrene.  Short-term  exposure  of  mice  to  benzo[a]pyrene  in  the  diet  caused  birth  defects. 
Long-term  (6  months)  exposure  of  mice  resulted  in  adverse  effects  on  the  liver  and  blood. 
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Adjustments  to  reflect  human  variability  and,  where  appropriate,  the  uncertainty  of  extrapolating 
from  animals  to  humans  have  been  made.  The  MRL  provides  a  basis  for  comparison  with  levels  that 
people  might  encounter  in  food.  Exposure  of  humans  to  levels  of  PNAs  below  the  estimated  MRL 
is  not  expected  to  result  in  harmful  (noncancer)  health  effects  (ATSDR,  Toxicological  Profile  for 
Polyaromatic  Hydrocarbons,  1989).  It  should  be  recognized  that  uncertainties  are  associated  with 
use  of  MRLs,  particularly  with  respect  to  PNAs  since  estimates  were  based  on  data  obtained  with 
benzo[a]pyrene.  It  is  well  known  that  there  are  differences  between  different  PNAs  with  regard  to 
metabolism  and,  therefore,  there  may  be  significant  toxicologic  differences.  MRLs  have  not  been 
estimated  for  other  routes  of  exposure  (ATSDR,  Toxicological  Profile  for  Polyaromatic 
Hydrocarbons,  1990). 

EPA  has  not  developed  an  RfD  for  acenaphthylene  but  a  risk  assessment  for  this 
substance  is  uncer  review  by  an  EPA  work  group.  EPA  has  listed  acenaphthylene  as  Group  D  -  Not 
Classifiable  as  to  Human  Carcinogenicity.  This  classification  is  based  on  a  lack  of  human  data  and 
inadequate  data  from  animal  bioassays.  Acenaphthylene  yielded  positive  results  in  a  Salmonella 
typhimurium  forward  mutation  assay  but  was  not  positive  in  Salmonella  typhimurium  TA98  and 
TAIOO  in  the  presence  of  hepatic  homogenates. 

Benzo[a]Anthracene 

No  information  is  available  about  specific  levels  of  benzo[a]anthracene  (B[a]A)  that 
result  in  harmful  effects  in  humans  after  inhalation,  oral,  or  dermal  exposure.  Two  studies  exist 
which  indicate  that  B[a]A,  when  administered  to  animals  by  gavage,  results  in  the  development  of 
stomach  tumors.  While  these  studies  were  flawed  and  inadequate  for  the  development  of  significant 
human  exposure  levels,  they  do  provide  tentative  evidence  for  oral  carcinogenicity.  B[a]A  has  been 
shown  to  suppress  the  sebaceous  glands  in  mouse  skin  following  topical  application.  However,  these 
studies  failed  to  employ  controls  and,  therefore,  definitive  conclusions  concerning  the  dermal 
toxicity  of  B[a]A  cannot  be  made  (ATSDR,  1990). 
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It  has  been  demonstrated  experimentally  that  B[a]A  induces  skin  tumors  in  mice 
receiving  0.34  mg/kg  or  more  when  applied  to  the  skin  for  50  weeks.  No  information  linking  human 
exposure  to  B[a]A  and  cancer  is  available.  However,  reports  of  exposure  to  mixtures  of 
polyaromatic  hydrocarbons  (PNAs)  containing  B[a]A  and  the  induction  of  cancer  in  humans 
provides  some  support  for  the  potential  carcinogenicity  of  this  compound. 

USEPA  has  not  developed  an  oral  RfD  or  an  inhalation  RfC  for  B[a]A.  Toxicity 
values  were  not  calculated  to  evaluate  the  noncarcinogenic  effects  of  B[a]A,  as  no  methodology 
firmly  founded  on  scientific  basis  exists  for  such  calculations. 

USEPA  has  listed  B[a]A  as  a  Group  B2  -  Probable  Human  Carcinogen.  USEPA  has 
not  published  a  slope  factor  for  B[a]A  at  this  time.  To  evaluate  the  potential  carcinogenic  effects 
of  B[a]A,  an  oral  slope  factor  was  calculated  using  the  interim  methodology  described  in  the 
Provisional  Guidance  for  Quantitative  Risk  Assessment  of  Polycyclic  Aromatic  Hydrocarbons 
(USEPA,  1993).  The  basis  for  the  calculation  was  the  health-based  potential  potency  factor  of  0. 1 
for  B[a]A,  which  is  an  estimated  order  of  magnitude  of  the  potential  potency  of  B[a]A  relative  to  the 
potency  of  benzo[a]pyrene  (B[a]P).  A  slope  factor  of  7.3  E-01  (mg/kg/day)‘*  was  derived  by 
multiplying  the  slope  factor  of  B[a]P  (7.3E-I-00  [mg/kg/day]'*)  by  the  potential  potency  factor  for 
B[a]A. 
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Benzo[a]Pyrene 

No  information  is  available  in  the  current  literature  concerning  the  levels  of 
benzo[a]pyrene  (B[a]P)  which  cause  harmful  effects  in  humans  following  inhalation,  ingestion,  or 
dermal  exposure.  Short-  and  long-term  exposures  to  B[a]P  (120  mg/kg/day  for  up  to  6  months) 
caused  death  when  ingested  by  animals.  Deaths  appeared  to  be  due  to  bone  marrow  suppression. 
Offspring  of  animals  fed  10  mg/kg/day  B[a]P  (or  higher)  during  pregnancy  had  lower  than  normal 
birth  weights  and  developmental/reproductive  aberrations  (e.g.,  alterations  in  gonadal  development; 
decreased  fertility;  increased  incidence  of  sterility).  Reports  on  the  effects  of  B[a]P  following  short¬ 
term  dermal  exposures  in  animals  and  intermediate  exposures  in  humans  suggest  that  B[a]P  has 
deleterious  effects  on  the  skin.  However,  the  studies  failed  to  employ  control  groups  and,  therefore, 
conclusions  about  the  dermal  toxicity  of  B[a]P  currently  cannot  be  made  (ATSDR,  1990). 

The  induction  of  cancer  appears  to  be  the  key  end  point  of  toxicity  following 
intermediate  and  long-term  exposure  to  B[a]P  by  inhalation,  ingestion,  and  dermal  exposure  since 
lower  doses  are  required  to  induce  tumors  than  other  end  points  of  toxicity.  Experimental  studies 
have  demonstrated  the  ability  of  B[a]P  to  induce  respiratory  tract  tumors  in  hamsters  following  long¬ 
term  (lifetime)  exposure  to  B[a]P  as  an  aerosol  at  concentrations  above  9.5  mg/m^.  Mice  receiving 
B[a]P  in  the  diet  for  1 10  days  (5.2  mg/kg/day)  developed  excess  forestomach  tumors.  Long-term 
dermal  exposure  (1  pg/day)  studies  in  animals  have  demonstrated  the  ability  of  B[a]P  to  induce  skin 
tumors.  No  information  correlating  inhalation  or  dermal  exposure  of  humans  to  B[a]P  and  cancer 
is  available,  although  reports  of  lung  and  skin  tumors  in  individuals  exposed  to  mixtures  of  PNAs 
containing  B[a]P  lend  some  support  for  its  carcinogenic  potential. 

USEPA  has  not  developed  an  oral  RfD  for  B[a]P.  Toxicity  values  were  not  calculated 
to  evaluate  the  noncarcinogenic  effects  of  B[a]P,  as  no  methodology  firmly  founded  on  scientific 
basis  exists  for  such  calculations. 

USEPA  has  classified  B[a]P  as  Group  B2  -  Probable  Human  Carcinogen.  IRIS  lists 
an  oral  slope  factor  for  B[a]P  as  7.30E+00  (mg/kg/day)'*.  Human  data  specifically  linking  B[a]P  to 
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carcinogenic  effects  are  lacking.  However,  there  are  numerous  animal  studies  in  many  species  that 
indicate  that  B[a]P  is  carcinogenic  following  administration  by  several  routes. 

References 

ATSDR  (Agency  for  Toxic  Substances  and  Disease  Registry)  (1990)  Toxicological  Profile  for  Benzo(a)Pvrene.  U.S. 
Dept,  of  Health  and  Human  Services,  Atlanta,  GA. 

Benzo[b]Fluoranthene 

No  information  is  available  in  the  current  literature  concerning  the  levels  of 
benzo[b]fluoranthene  (B[b]F)  which  cause  harmful  effects  in  humans  following  inhalation, 
ingestion,  or  dermal  exposure  although  inhalation  and  dermal  exposure  to  mixtures  of  PNAs 
(including  B[b]F)  has  been  associated  with  the  development  of  cancer  in  humans  (ATSDR,  1990). 

The  levels  and  length  of  exposure  to  individual  PNAs  that  result  in  human  health 
effects  cannot  be  determined  from  the  data  that  are  currently  available.  Therefore,  exposure  levels 
that  presumably  cause  human  health  effects  have  been  estimated  from  experimental  studies 
conducted  in  laboratory  animals.  Estimates  of  exposure  that  pose  minimal  risks  to  humans  have 
been  made  where  data  are  believed  to  be  reliable. 

A  minimal  risk  level  of  3.6  ppm  in  food  for  short-term  human  exposure  (less  than 
or  equal  to  14  days)  has  been  estimated  for  PNAs  in  general.  This  estimated  minimum  risk  level 
(MRL)  is  based  on  experimental  studies  in  which  laboratory  animals  were  fed  B[a]P.  Short-term 
exposure  of  mice  to  B[a]P  in  the  diet  caused  birth  defects.  Long-term  (6  months)  exposure  of  mice 
resulted  in  adverse  effects  on  the  liver  and  blood.  Adjustments  to  reflect  human  variability  and, 
where  appropriate,  the  uncertainty  of  extrapolating  from  animals  to  humans  have  been  made.  The 
MRL  provides  a  basis  for  comparison  with  levels  that  people  might  encounter  in  food.  Exposure 
of  humans  to  levels  of  PNAs  below  the  estimated  MRL  is  not  expected  to  result  in  harmful 
(noncancer)  health  effects  (ATSDR,  1989). 
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It  should  be  recognized  that  uncertainties  are  associated  with  use  of  MRLs, 
particularly  with  respect  to  PNAs  since  estimates  were  based  on  data  obtained  with  B[a]P.  It  is  well 
known  that  there  are  differences  between  different  PNAs  with  regard  to  metabolism  and,  therefore, 
significant  toxicologic  difference  may  occur.  MRLs  have  not  been  estimated  for  other  routes  of 
exposure  (ATSDR,  1990). 

No  information  is  available  on  the  effects  of  B[b]F  in  laboratory  animals  following 
exposure  by  inhalation,  although  B[b]F  elicits  respiratory  tract  tumors  in  rats  following  intratracheal 
instillation.  B[b]F  is  carcinogenic  following  intermediate  dermal  exposure.  Mice  receiving  doses 
of  2.9  mg/kg  and  higher,  three  times  weekly  (equivalent  to  an  average  daily  dose  of  1 .2  mg/kg/day) 
developed  an  excess  of  malignant  skin  tumors  when  B[b]F  was  applied  to  the  skin  for  up  to  one  year. 
No  information  correlating  inhalation  or  dermal  exposure  to  B[b]F  and  cancer  induction  in  humans 
is  available,  but  reports  of  cancer  among  individuals  exposed  by  inhalation  or  dermally  to  mixtures 
of  PNAs  containing  B[b]F  provide  qualitative  support  for  the  carcinogenicity  of  this  compound. 

USEPA  has  not  developed  an  oral  RfD  for  B[b]F.  Toxicity  values  were  not  calculated 
to  evaluate  the  noncarcinogenic  effects  of  B[a]P,  as  no  methodology  firmly  founded  on  scientific 
basis  exists  for  such  calculations. 

USEPA  has  listed  B[b]F  as  a  Group  B2  -  Probable  Human  Carcinogen.  While  there 
are  no  human  data  that  specifically  link  exposure  to  B[b]F  with  cancer,  it  is  a  component  of  mixtures 
that  are  associated  with  human  cancer.  Supporting  data  include  the  production  of  tumors  in  mice 
after  lung  implantation,  intraperitoneal  or  subcutaneous  injection  and  skin  painting  with  B[b]F. 
USEPA  has  not  published  a  slope  factor  for  B[b]F  at  this  time.  An  oral  slope  factor  of  7.3E-01 
(mg/kg/day)'*  was  calculated  by  multiplying  the  slope  factor  for  B[a]P  by  the  relative  potency  factor 
of  0.1  for  B[b]F  (USEPA,  1993). 


References 

Agency  for  Toxic  Substances  and  Disease  Registry  (ATSDR).  Toxicological  Profile  for  Polv  Aromatic  Hydrocarbons. 
1989. 


G-61 


March  1996 


Appendix  G — Human  Health  Toxicity  Profiles 

Baseline  Risk  Assessment _ _ Galena  Airport 

Agency  for  Toxic  Substances  and  Disease  Registry  (ATSDR).  Toxicologic  Profile  for  Polv  Aromatic  Hydrocarbons. 
1990. 


APPX.G 

5/95 


Benzo(g,h,i)Perylene 

No  information  is  available  in  the  current  literature  concerning  the  level  of 
benzo(g,h,i)perylene  that  results  imharmful  effects  in  humans  following  inhalation,  ingestion,  or 
dermal  exposure  although  inhalation  and  dermal  exposure  to  mixtures  of  PNAs  has  been  associated 
with  the  development  of  cancer  in  humans  (ATSDR,  1990). 

The  levels  of  length  of  exposure  to  individual  PNAs  that  result  in  human  health 
effects  can  not  be  determined  from  the  data  that  are  currently  available.  Therefore,  exposure  levels 
that  presumably  cause  human  health  effects  have  been  estimated  from  experimental  studies 
conducted  in  laboratory  animals.  Estimates  of  exposure  that  pose  minimal  risks  to  humans  have 
been  made  where  data  are  believed  to  be  reliable.  A  minimal  risk  level  (MRL)  of  3.6  ppm  in  food 
for  short-term  human  exposure  (less  than  or  equal  to  14  days)  has  been  estimated  for  PNAs  in 
general.  This  estimated  MRL  is  based  on  experimental  studies  in  which  laboratory  animals  were  fed 
benzo(a)pyrene.  Short-term  exposure  of  mice  to  benzo(a)pyrene  in  the  diet  caused  birth  defects. 
Long-term  (6  months)  exposure  of  mice  resulted  in  adverse  effects  on  the  liver  and  blood. 
Adjustments  to  reflect  human  variability  and,  where  appropriate,  the  uncertainty  of  extrapolating 
from  animals  to  humans  have  been  made.  The  MRL  provides  a  basis  for  comparison  with  levels  that 
people  might  encounter  in  food.  Exposure  of  humans  to  levels  of  PNAs  below  the  estimated  MRL 
is  not  expected  to  result  in  harmful  (noncancer)  health  effects.  It  should  be  recognized  that 
uncertainties  are  associated  with  use  of  MRLs,  particularly  with  respect  to  PNAs  since  estimates 
were  based  on  data  obtained  with  benzo(a)pyrene.  It  is  well  known  that  there  are  differences 
between  different  PNAs  with  regard  to  metabolism  and,  therefore,  there  may  be  significant 
toxicologic  differences  (ATSDR,  1990). 
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EPA  has  not  developed  an  oral  RfD  for  benzo(g,h,i)perylene.  Toxicity  values  were 
not  calculated  to  evaluate  noncarcinogenic  effects  of  benzo(g,h,i)perylene  as  no  methodology  firmly 
founded  on  scientific  basis  exist  for  such  calculations. 

EPA  has  classified  benzo(g,h,i)perylene  as  a  Group  D  -  Not  Classifiable  as  to  Human 
Carcinogenicity.  This  classification  precludes  quantitative  evaluation  of  toxicity.  Therefore,  no 
slope  factor  is  available. 
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Benzo[k]Fluoranthene 

No  information  is  available  in  the  current  literature  concerning  the  levels  of 
benzo[k]fluoranthene  (B[k]F)  which  cause  harmful  effects  in  humans  although  inhalation  and  dermal 
exposure  to  mixtures  of  PNAs  has  been  associated  with  the  development  of  cancer  in  humans 
(ATSDR,  1990). 

The  levels  and  length  of  exposure  to  individual  PNAs  that  result  in  human  health 
effects  cannot  be  determined  from  the  data  that  are  currently  available.  Therefore,  exposure  levels 
that  presumably  cause  human  health  effects  have  been  estimated  from  experimental  studies 
conducted  in  laboratory  animals.  Estimates  of  exposure  that  pose  minimal  risks  to  humans  have 
been  made  where  data  are  believed  to  be  reliable.  A  MRL  of  3.6  ppm  in  food  for  short-term  human 
exposure  (less  than  or  equal  to  14  days)  has  been  estimated  for  PNAs  in  general.  This  estimated 
MRL  is  based  on  experimental  studies  in  which  laboratory  animals  were  fed  B[a]P.  Short-term 
exposure  of  mice  to  B[a]P  in  the  diet  caused  birth  defects.  Long-term  (6  months)  exposure  of  mice 
resulted  in  adverse  effects  on  the  liver  and  blood.  Adjustments  to  reflect  human  variability  and. 
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where  appropriate,  the  uncertainty  of  extrapolating  from  animals  to  humans  have  been  made.  The 
MRL  provides  a  basis  for  comparison  with  levels  that  people  might  encounter  in  food.  Exposure 
of  humans  to  levels  of  PNAs  below  the  estimated  MRL  is  not  expected  to  result  in  harmful 
(noncancer)  health  effects  (ATSDR,  1990). 

It  should  be  recognized  that  uncertainties  are  associated  with  use  of  MRLs, 
particularly  with  respect  to  PNAs  since  estimates  were  based  on  data  obtained  with  B[a]P.  It  is  well 
known  that  there  are  differences  between  different  PNAs  with  regard  to  metabolism  and,  therefore, 
significant  toxicologic  differences  may  occur.  MRLs  have  not  been  estimated  for  other  routes  of 
exposure  (ATSDR,  1990). 

USEPA  has  not  developed  an  oral  RfD  for  B[k]F.  Toxicity  values  were  not 
calculated  to  evaluate  the  noncarcinogenic  effects  of  B[a]P,  as  no  methodology  firmly  founded  on 
scientific  basis  exists  for  such  calculations. 

USEPA  has  listed  B(k)F  as  a  Group  B2  —  Probable  Human  Carcinogen.  USEPA  has 
not  published  a  slope  factor  for  B[k]F  at  this  time.  An  oral  slope  factor  of  7.3  E-02  (mg/kg/day)  ‘ 
was  calculated  by  multiplying  the  slope  factor  for  B[a]P  by  the  relative  potency  factor  of  0.01  for 
B[k]F. 
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Chrysene 

No  information  is  available  in  the  current  literature  concerning  the  level  of  chrysene 
(if  any)  that  results  in  harmful  effects  in  humans  following  inhalation,  ingestion,  or  dermal  exposure 
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although  inhalation  and  dermal  exposure  to  mixtures  of  PNAs  has  been  associated  with  the 
development  of  cancer  in  humans  (ATSDR,  Toxicologic  Profile  for  Poly  Aromatic  Hydrocarbons, 
1990). 


The  levels  and  length  of  exposure  to  individual  PNAs  that  result  in  human  health 
effects  can  not  be  determined  from  the  data  that  are  currently  available.  Therefore,  exposure  levels 
that  presumably  cause  human  health  effects  have  been  estimated  from  experimental  studies 
conducted  in  laboratory  animals.  Estimates  of  exposure  that  pose  minimal  risks  to  humans  have 
been  made  where  data  are  believed  to  be  reliable.  A  minimal  risk  level  (MRL)  of  3.6  ppm  in  food 
for  short-term  human  exposure  (less  than  or  equal  to  14  days)  has  been  estimated  for  PNAs  in 
general.  This  estimated  MRL  is  based  on  experimental  studies  in  which  laboratory  animals  were  fed 
benzo[a]pyrene.  Short-term  exposure  of  mice  to  benzo[a]pyrene  in  the  diet  caused  birth  defects. 
Long-term  (6  months)  exposure  of  mice  resulted  in  adverse  effects  on  the  liver  and  blood. 
Adjustments  to  reflect  human  variability  and,  where  appropriate,  the  uncertainty  of  extrapolating 
from  animals  to  humans  have  been  made.  The  MRL  provides  a  basis  for  comparison  with  levels  that 
people  might  encounter  in  food.  Exposure  of  humans  to  levels  of  PNAs  below  the  estimated  MRL 
is  not  expected  to  result  in  harmful  (noncancer)  health  effects  (ATSDR,  Toxicological  Profile  for 
Polyaromatic  Hydrocarbons,  1990).  It  should  be  recognized  that  uncertainties  are  associated  with 
use  of  MRLs,  particularly  with  respect  to  PNAs  since  estimates  were  based  on  data  obtained  with 
benzo[a]pyrene.  It  is  well  known  that  there  are  differences  between  different  PNAs  with  regard  to 
metabolism  and,  therefore,  there  may  be  significant  toxicologic  differences.  However,  based  on  the 
electron  density  associated  with  the  molecule,  chrysene  would  be  expected  to  behave  in  a  manner 
similar  to  B[a]P  with  respect  to  metabolism.  MRLs  have  not  been  estimated  for  other  routes  of 
exposure  (ATSDR,  "Toxicological  Profile  for  Polyaromatic  Hydrocarbons",  1990). 

Experimental  data  indicates  that  skin  cancer  develops  in  mice  exposed  dermally.  No 
information  is  available  regarding  short-term  dermal  exposure  of  animals  to  chiysene  but  chrysene 
is  carcinogenic  in  mice  following  long-term  (life-time)  dermal  exposure.  Information  correlating 
human  dermal  exposure  to  chrysene  and  the  induction  of  cancer  is  currently  unavailable.  However, 
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reports  of  skin  tumors  among  individuals  exposed  to  mixtures  of  polyaromatic  hydrocarbons 
(PNAs),  including  chrysene,  does  provide  some  support  for  chrysene's  carcinogenic  potential. 

EPA  has  not  developed  an  oral  RfD  for  chrysene. 

EPA  has  listed  chrysene  as  a  Group  B2  -  Probable  Human  Carcinogen.  EPA  has  not 
published  a  slope  factor  for  chrysene  at  this  time.  An  oral  slope  factor  of  7.3  E-03  (mg/kg-day)'‘  was 
calculated  by  multiplying  the  slope  factor  for  benzo(a)pyrene  by  the  relative  potency  factor  of  0.001 
for  chrysene  (USEPA,  1991). 

Dibenzo(a,h)anthracene 

No  information  is  available  in  the  current  literature  concerning  the  levels  of 
Dibenzo(a,h)anthracene  which  cause  harmful  effects  in  humans  although  inhalation  and  dermal 
exposure  to  mixtures  of  PNAs  has  been  associated  with  the  development  of  cancer  in  humans 
(ATSDR,  1990). 

The  levels  and  length  of  exposure  to  individual  PNAs  that  result  in  human  health 
effects  cannot  be  determined  from  the  data  that  are  currently  available.  Therefore,  exposure  levels 
that  presumably  cause  human  health  effects  have  been  estimated  from  experimental  studies 
conducted  in  laboratory  animals.  Estimates  of  exposure  that  pose  minimal  risks  to  humans  have 
been  made  where  data  are  believed  to  be  reliable.  A  MRL  of  3.6  ppm  in  food  for  short-term  human 
exposure  (less  than  or  equal  to  14  days)  has  been  estimated  for  PNAs  in  general.  This  estimated 
MRL  is  based  on  experimental  studies  in  which  laboratory  animals  were  fed  B[a]P.  Short-term 
exposure  of  mice  to  B[a]P  in  the  diet  caused  birth  defects.  Long-term  (6  months)  exposure  of  mice 
resulted  in  adverse  effects  on  the  liver  and  blood.  Adjustments  to  reflect  human  variability  and, 
where  appropriate,  the  uncertainty  of  extrapolating  from  animals  to  humans  have  been  made.  The 
MRL  provides  a  basis  for  comparison  with  levels  that  people  might  encounter  in  food.  Exposure 
of  humans  to  levels  of  PNAs  below  the  estimated  MRL  is  not  expected  to  result  in  harmful 
(noncancer)  health  effects  (ATSDR,  1990). 
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It  should  be  recognized  that  uncertainties  are  associated  with  use  of  MRLs, 
particularly  with  respect  to  PNAs  since  estimates  were  based  on  data  obtained  with  B[a]P.  It  is  well 
known  that  there  are  differences  between  different  PNAs  with  regard  to  metabolism  and,  therefore, 
significant  toxicologic  differences  may  occur.  MRLs  have  not  been  estimated  for  other  routes  of 
exposure  (ATSDR,  1990). 

USEPA  has  not  developed  an  oral  RfD  for  Dibenzo(a,h)anthracene.  Toxicity  values 
were  not  calculated  to  evaluate  the  noncarcinogenic  effects  of  Dibenzo(a,h)anthracene,  as  no 
methodology  firmly  founded  on  scientific  basis  exists  for  such  calculations. 

USEPA  has  listed  Dibenzo(a,h)anthracene  as  a  Group  B2  —  Probable  Human 
Carcinogen.  This  classification  is  based  on  the  mutagenic  potential  of  dibenzo(a,h)anthracene  in 
several  mutagenic  assays.  Also,  dibenzo(a,h)anthracene  has  been  shown  to  produce  carcinomas  in 
mice  following  oral  or  dermal  exposure.  An  oral  slope  factor  for  this  compound  was  calculated  as 
7.3  E+0  by  multiply  the  oral  slope  factor  of  B[a]P  by  the  potential  potency  factor  of  1.0  for 
dibenzo(a,h)anthracene. 
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Fluorene 

No  information  is  available  in  the  current  literature  concerning  the  level  of  fluorene 
that  results  in  harmful  effects  in  humans  following  inhalation,  ingestion,  or  dermal  exposure 
although  inhalation  and  dermal  exposure  to  mixtures  of  PNAs  has  been  associated  with  the 
development  of  cancer  in  humans  (ATSDR,  Toxicological  Profile  for  Polyaromatic  Hydrocarbons, 
1990). 
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The  levels  and  length  of  exposure  to  individual  PNAs  that  result  in  human  health 
effects  can  not  be  determined  from  the  data  that  are  currently  available.  Therefore,  exposure  levels 
that  presumably  cause  human  health  effects  have  been  estimated  from  experimental  studies 
conducted  in  laboratory  animals.  Estimates  of  exposure  that  pose  minimal  risks  to  humans  have 
been  made  where  data  are  believed  to  be  reliable.  A  minimal  risk  level  (MRL)  of  3.6  ppm  in  food 
for  short-term  human  exposure  (less  than  or  equal  to  14  days)  has  been  estimated  for  PNAs  in 
general.  This  estimated  MRL  is  based  on  experimental  studies  in  which  laboratory  animals  were  fed 
benzo[a]pyrene.  Short-term  exposure  of  mice  to  benzo[a]pyrene  in  the  diet  caused  birth  defects. 
Long-term  (6  months)  exposure  of  mice  resulted  in  adverse  effects  on  the  liver  and  blood. 
Adjustments  to  reflect  human  variability  and,  where  appropriate,  the  uncertainty  of  extrapolating 
from  animals  to  humans  have  been  made.  The  MRL  provides  a  basis  for  comparison  with  levels  that 
people  might  encounter  in  food.  Exposure  of  humans  to  levels  of  PNAs  below  the  estimated  MRL 
is  not  expected  to  result  in  harmful  (noncancer)  health  effects  (ATSDR,  Toxicological  Profile  for 
Polyaromatic  Hydrocarbons,  1990).  It  should  be  recognized  that  uncertainties  are  associated  with 
use  of  MRLs,  particularly  with  respect  to  PNAs  since  estimates  were  based  on  data  obtained  with 
benzo[a]pyrene.  It  is  well  known  that  there  are  differences  between  different  PNAs  with  regard  to 
metabolism  and,  therefore,  there  may  be  significant  toxicologic  differences.  MRLs  have  not  been 
estimated  for  other  routes  of  exposure  (ATSDR,  Toxicological  Profile  for  Polyaromatic 
Hydrocarbons,  1990). 

An  oral  RfD  of  4.0E-02  mg/kg-day  is  listed  in  IRIS  for  fluorene.  This  value  is  based 
on  a  subchronic  study  conducted  in  mice.  Mice  were  exposed  to  0,  125,  250,  or  500  mg/kg-day 
fluorene  suspended  in  com  oil  by  gavage  for  13  weeks.  Increased  salivation  and  hypoactivity  were 
observed  in  all  treated  animals.  Labored  respiration  and  ptosis  (drooping  eyelids)  were  noted  in  the 
500  mg/kg-day  dose  group.  A  significant  decrease  in  red  blood  cell  count  and  packed  cell  volume 
were  observed  in  females  treated  with  250  mg/kg-day  fluorene  and  in  both  sexes  at  the  500  mg/kg- 
day  dose.  Decreased  hemoglobin  and  increased  total  semm  bilirubin  levels  were  also  observed  in 
the  500  mg/kg-day  dose  group.  A  significant  decreasing  trend  in  BUN  (blood  urea  nitrogen)  and  a 
significant  increasing  trend  in  total  semm  bilimbin  were  observed  in  both  males  and  females  at  the 
highest  dose  (500  mg/kg-day).  A  significant  increase  in  relative  liver  weight  at  all  doses  and  a 
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significant  increase  in  absolute  liver  weight  was  noted  at  the  250  and  500  mg/kg-day  dose.  An 
increase  in  absolute  and  relative  spleen  and  kidney  weight  was  observed  in  males  and  females 
exposed  to  500  mg/kg-day  and  in  females  exposed  to  500  mg/kg-day.  The  increases  in  absolute  liver 
and  spleen  weights  were  accompanied  by  histopathological  increases  in  the  amounts  of  hemosiderin 
in  the  spleen  and  kupffer  cells  in  the  liver.  A  LOAEL  of  250  mg/kg-day  and  a  NOAEL  of  125 
mg/kg-day  was  established. 

An  uncertainty  factor  of  3000  was  used  to  account  for  use  of  a  subchronic  study 
(lOx),  inter-  and  intra-species  variability  (lOx  each),  and  for  lack  of  adequate  toxicity  data  in  a 
second  species  and  reproductive/developmental  data  (3x).  Low  confidence  was  placed  on  the  RfD 
due  to  the  fact  that  reproductive,  developmental,  and  chronic  toxicity  have  not  been  evaluated 
following  oral  exposure  to  fluorene.  Additionally,  a  NOAEL  was  not  identified.  HEAST  lists  a 
subchronic  RfD  of  4.0E-01  mg/kg-day. 

EPA  classifies  fluorene  as  Group  D— Not  Classifiable  as  to  Human  Carcinogenicity. 
This  classification  is  based  on  a  lack  of  human  data  and  inadequate  data  from  animal  bioassays. 

Indeno[l,2,3-cd]Pyrene 

No  information  is  available  in  the  current  literature  concerning  the  level  of 
indeno[l,2,3]pyrene  that  results  in  harmful  effects  in  humans  following  inhalation,  ingestion,  or 
dermal  exposure  although  inhalation  and  dermal  exposure  to  mixtures  of  PNAs  has  been  associated 
with  the  development  of  cancer  in  humans  (ATSDR,  1990). 

The  levels  and  length  of  exposure  to  individual  PNAs  that  result  in  human  health 
effects  can  not  be  determined  from  the  data  that  are  currently  available.  Therefore,  exposure  levels 
that  presumably  cause  human  health  effects  have  been  estimated  from  experimental  studies 
conducted  in  laboratory  animals.  Estimates  of  exposure  that  pose  minimal  risks  to  humans  have 
been  made  where  data  are  believed  to  be  reliable.  A  minimal  risk  level  (MRL)  of  3.6  ppm  in  food 
for  short-term  human  exposure  (less  than  or  equal  to  14  days)  has  been  estimated  for  PNAs  in 


G-69 


March  1996 


Appendix  G — Human  Health  Toxicity  Profiles 
Baseline  Risk  Assessment 


Galena  Airport 


general.  This  estimated  MRL  is  based  on  experimental  studies  in  which  laboratory  animals  were  fed 
benzo[a]pyrene.  Short-term  exposure  of  mice  to  benzo[a]pyrene  in  the  diet  caused  birth  defects. 
Long-term  (6  months)  exposure  of  mice  resulted  in  adverse  effects  on  the  liver  and  blood. 
Adjustments  to  reflect  human  variability  and,  where  appropriate,  the  uncertainty  of  extrapolating 
from  animals  to  humans  have  been  made.  The  MRL  provides  a  basis  for  comparison  with  levels  that 
people  might  encounter  in  food.  Exposure  of  humans  to  levels  of  PNAs  below  the  estimated  MRL 
is  not  expected  to  result  in  harmful  (noncancer)  health  effects  (ATSDR,  1990).  It  should  be 
recognized  that  uncertainties  are  associated  with  use  of  MRLs,  particularly  with  respect  to  PNAs 
since  estimates  were  based  on  data  obtained  with  benzo[a]pyrene.  It  is  well  known  that  there  are 
differences  between  different  PNAs  with  regard  to  metabolism  and,  therefore,  there  may  be 
significant  toxicologic  differences  (ATSDR,  1990). 

EPA  has  not  developed  an  oral  RfD  for  indeno[l,2,3]pyrene.  Toxicity  values  were 
not  calculated  to  evaluate  noncarcinogenic  effects  of  indeno(l,2,3-cd)pyrene,  as  no  methodology 
firmly  founded  on  scientific  basis  exists  for  such  calculations. 

EPA  has  listed  indeno[l,2,3]pyrene  as  a  Group  B2  -  Probable  Human  Carcinogen. 
Insufficient  human  data  as  to  the  potential  carcinogenicity  of  indeno[l,2,3]pyrene  was  available  but 
the  data  from  animal  bioassays  was  considered  sufficient  for  this  classification.  Indeno[l,2,3]pyrene 
produced  tumors  in  mice  following  lung  implants,  subcutaneous  injection,  and  dermal  exposure. 
Indeno[l,2,3]pyrene  also  tested  positive  in  bacterial  gene  mutation  assays.  However,  EPA  has  not 
published  a  slope  factor  for  indeno[l,2,3]pyrene  at  this  time.  An  oral  slope  factor  of  7.3  E-01 
(mg/kg-day)  '  was  calculated  by  multiplying  the  slope  factor  for  benzo(a)pyrene  by  the  relative 
potency  factor  of  0.1  for  indeno[l,2,3]pyrene. 
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Naphthalene 

Exposure  to  naphthalene  for  short  or  long  periods  of  time  may  lead  to  hemolytic 
anemia,  the  breakdown  of  the  red  blood  cells.  Nausea,  vomiting,  diarrhea,  kidney  damage,  jaundice, 
and  liver  damage  are  some  other  commonly  found  effects.  Ingestion  or  inhalation  of  naphthalene 
may  also  lead  to  cataracts.  Laboratory  animals  ingesting  or  inhaling  naphthalene  have  exhibited 
effects  on  the  blood,  kidneys,  and  liver,  and  in  some  animals  cataracts  were  seen.  Carcinogenicity 
has  not  been  seen  in  animals  or  in  humans.  Reproductive  effects  are  unknown,  however,  pregnant 
women  exposed  to  naphthalene  deliver  infants  with  propensity  to  develop  hemolytic  anemia. 

IRIS  did  not  list  an  oral  RfD  for  naphthalene;  this  value  is  currently  under  review  by 
a  work  group.  A  chronic  oral  RfD  of  4.0E-02  mg/kg-day  is  listed  in  HEAST.  HEAST  also  lists  the 
subchronic  RfD  as  4.0E-02  mg/kg-day.  These  values  were  based  on  a  study  in  which  rats  were 
gavaged  with  50  mg/kg-day  naphthalene,  5  days  a  week,  for  13  weeks  (converted  to  37.5  mg/kg- 
day).  The  critical  effect  observed  was  decreased  body  weight  gain.  HEAST  listed  an  uncertainty 
factor  of  1000  for  the  subchronic  RfD  and  10,000  for  the  chronic  oral  RfD. 

ERA  classifies  naphthalene  as  Group  D  -  Not  Classifiable  as  to  Human  Carcinoge¬ 
nicity.  This  classification  reflects  a  lack  of  human  carcinogenicity  data  and  inadequate  data  from 
animal  bioassays. 

Phenanthrene 

No  information  is  available  in  the  current  literature  concerning  the  level  of 
phenanthrene  that  results  in  harmful  effects  in  humans  following  inhalation,  ingestion,  or  dermal 
exposure  although  inhalation  and  dermal  exposure  to  mixtures  of  PNAs  has  been  associated  with 
the  development  of  cancer  in  humans  (ATSDR,  Toxicologic  Profile  for  Polyaromatic  Hydrocarbons, 
1990). 
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The  levels  and  length  of  exposure  to  individual  PNAs  that  result  in  human  health 
effects  cannot  be  determined  from  the  data  that  are  currently  available.  Therefore,  exposure  levels 
that  presumably  cause  human  health  effects  have  been  estimated  from  experimental  studies 
conducted  in  laboratory  animals. 

Estimates  of  exposure  that  pose  minimal  risks  to  humans  have  been  made  where  data 
are  believed  to  be  reliable.  A  MRL  of  3.6  ppm  in  food  for  short-term  human  exposure  (less  than  or 
equal  to  14  days)  has  been  estimated  for  PNAs  in  general.  This  estimated  MRL  is  based  on 
experimental  studies  in  which  laboratory  animals  were  fed  benzo[a]pyrene  (B[a]P).  Short-term 
exposure  of  mice  to  B[a]P  in  the  diet  caused  birth  defects.  Long-term  (6  months)  exposure  of  mice 
resulted  in  adverse  effects  on  the  liver  and  blood.  Adjustments  to  reflect  human  variability  and, 
where  appropriate,  the  uncertainty  of  extrapolating  from  animals  to  humans  have  been  made.  The 
MRL  provides  a  basis  for  comparison  with  levels  that  people  might  encounter  in  food.  Exposure 
of  humans  to  levels  of  PNAs  below  the  estimated  MRL  is  not  expected  to  result  in  harmful 
(noncancer)  health  effects  (ATSDR,  Toxicological  Profile  for  Poly  aromatic  Hydrocarbons,  1990). 

It  should  be  recognized  that  uncertainties  are  associated  with  use  of  MRLs, 
particularly  with  respect  to  PNAs  since  estimates  were  based  on  data  obtained  with  B[a]P.  It  is  well 
known  that  there  are  differences  between  different  PNAs  with  regard  to  metabolism  and,  therefore, 
there  may  be  significant  toxicologic  differences.  (ATSDR,  Toxicological  Profile  for  Polyaromatic 
Hydrocarbons,  1990). 

An  oral  RfD  for  phenanthrene  has  not  been  established.  USEPA  classifies 
phenanthrene  as  Group  D  -  Not  Classifiable  as  to  Human  Carcinogenicity.  This  classification 
reflects  a  lack  of  human  carcinogenicity  data  and  inadequate  data  from  a  single  gavage  study  in  rats 
and  skin  painting  and  injection  studies  in  mice.  Classification  of  a  chemical  as  Group  D  precludes 
quantitative  toxicity  assessment.  Therefore,  no  slope  factor  for  phenanthrene  is  listed  in  either  IRIS 
orHEAST. 
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1,1,2,2-Tetrachloroethane 

Respiratory  failure  and  unconsciousness  occurs  after  acute  inhalation  of  1, 1,2,2- 
tetrachloroethane;  however,  histological  changes  in  the  lungs  have  not  been  seen  in  lab  animals. 
Humans  occupationally  exposed  to  the  compound  has  complained  of  nausea,  loss  of  appetite, 
abdominal  cramping,  vomiting,  and  loss  of  weight.  Data  in  animals  does  not  substantiate  this  effect 
though. 


Minor  histological  damage  in  the  liver  of  rats  treated  by  oral  gavage  for  a  subchronic 
duration  was  seen  as  well  as  minor  inflammation  of  the  kidneys.  A  highly  significant  dose-related 
trend  in  the  incidence  of  hepatocellular  carcinomas  in  mice  has  been  observed.  Dermal  exposure 
lead  to  karyopyknosis  and  pseudo  eosinophilic  infiltration  in  guinea  pigs  and  dermal  necrosis  in 
rabbits.  No  other  dermal  studies  were  located  that  discussed  the  systemic  effects  of  dermal 
application  of  1,1,2,2-tetrachloroethane  (ATSDR,  Toxicological  Profile  for  1,1,2,2- 
Tetrachloroethane,  1989). 

1,1,2,2-Tetrachloroethane  is  classified  as  a  Group  C-Possible  Human  Carcinogen. 
EPA  based  this  assignment  on  an  increased  incidence  of  hepatocellular  carcinomas  in  mice.  There 
is  no  human  carcinogenicity  data.  No  oral  RfDs  are  provided  by  IRIS  or  HEAST.  IRIS  indicates 
that  this  substance  is  under  review  by  an  EPA  work  group.  An  oral  slope  factor  of  2E-01  (mg/kg- 
day)"*  is  provided  on  IRIS  which  also  gives  an  inhalation  unit  risk  factor  of  5.8E-05  (pg/m^)'*,  which 
was  calculated  from  oral  exposure. 

G.37  Tetrachloroethylene 

Tetrachloroethylene  is  a  man-made  chemical  used  for  dry  cleaning  fabrics,  metal¬ 
degreasing,  for  making  other  chemicals,  and  in  some  consumer  products  such  as  auto  brake  quieters 
and  cleaners,  suede  protectors,  water  repellents,  silicone  lubricants,  and  belt  lubricants.  It  is  a  liquid 
at  room  temperature,  is  nonflammable,  and  evaporates  readily  producing  a  sharp,  sweet  odor. 
Tetrachloroethylene  reaches  the  environment  when  it  is  released  from  industrial  or  dry  cleaning 
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operations,  or  from  waste  sites.  Tetrachloroethylene  is  found  more  often  in  the  air  than  in  water, 
soil,  or  sediment.  Those  people  who  work  in  areas  where  tetrachloroethylene  is  used  are  more  likely 
to  be  exposed  to  it  than  those  who  don't  work  in  those  areas  (ATSDR  1993). 

Exposure  to  tetrachloroethylene  by  inhalation  has  resulted  in  respiratory  tract 
irritation,  liver  injury,  and  kidney  damage  in  humans.  The  central  nervous  system  (CNS)  is  also 
affected  by  tetrachloroethylene  inhalation.  Acute  inhalation  of  the  chemical  results  in  reversible 
effects  such  as  mood  and  behavioral  changes,  impairment  of  coordination,  anesthetic  effects,  and 
headache.  Long-term  exposure  to  tetrachloroethylene  may  cause  persistent  CNS  symptoms  such  as 
memory  and  concentration  impairment.  Inhalation  of  tetrachloroethylene  may  adversely  affect 
female  reproduction.  Oral  ingestion  of  tetrachloroethylene  may  affect  the  liver  in  humans,  although 
this  effect  is  not  well  documented.  CNS  effects  observed  after  oral  ingestion  of  tetrachloroethylene 
are  similar  to  those  seen  with  inhalation  exposure.  Exposure  to  tetrachloroethylene  vapors  causes 
severe  eye  irritation  at  concentrations  greater  than  1,000  ppm.  Chemical  bums  have  been  reported 
after  prolonged  (at  least  5  hours)  skin  contact  with  tetrachloroethylene  (ATSDR  1993). 

Exposure  to  tetrachloroethylene  by  inhalation  in  animals  has  resulted  in  an  increased 
susceptibility  to  respiratory  infection  in  mice,  liver  injury,  kidney  damage,  and  CNS  effects. 
Inhalation  exposure  may  affect  CNS  development  in  animals.  The  liver  is  the  principal  target  organ 
of  tetrachloroethylene  oral  exposure  in  rats.  The  kidneys  are  also  effected  in  animals  exposed  by  oral 
ingestion  (ATSDR  1993). 

IRIS  lists  a  chronic  RfD  for  tetrachloroethylene  of  1  .OE-02  mg/mg/day.  This  value 
was  derived  from  the  results  of  a  6  week  mouse  gavage  study  in  which  hepatotoxicity  in  mice  and 
weight  gain  in  rats  were  the  endpoints  measured.  The  NOAEL  for  this  study  was  determined  to  be 
20  mg/kg/day  (converted  to  14mg/kg/day  to  adjust  for  a  5  days/week  treatment  schedule).  The 
LOAEL  determined  for  this  study  was  determined  to  be  100  mg/kg/day  (converted  to  71  mg/kg/day 
to  adjust  for  a  5  days/week  treatment  schedule)  for  this  study.  An  uncertainty  factor  of  1000  was 
used  for  the  derived  RfD  to  account  for  intraspecies  variability,  interspecies  variability,  and 
extrapolation  of  a  subchronic  effect  to  its  chronic  equivalent.  This  confidence  in  this  RfD  value  is 
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considered  low.  HEAST  lists  a  subchronic  RfD  of  l.OE-01  for  this  chemical.  An  RfC  is  not 
available  for  tetrachloroethylene  at  this  time. 

Although  no  slope  factors  are  available  at  this  time  from  IRIS  or  HEAST,  EPA 
Region  HI  provides  oral  and  inhalation  slope  factors  of  5.2  E-2  and  2.0  E-3  (mg  Kg/day)'*, 
respectively.  The  inhalation  slope  factor  was  converted  to  an  inhalation  unit  risk  by  using  an  adult 
body  weight  of  70  kg  and  inhalation  rate  of  20  m^day. 
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G.38  Thallium 

Thallium  can  affect  the  nervous  system,  lungs,  liver,  and  kidneys  if  large  amounts  are 
ingested  over  short  periods  of  time.  Effects  include  temporary  hair  loss,  vomiting,  and  diarrhea. 
Death  may  result  if  very  large  amounts  are  ingested  (1  mg  or  greater).  Chronic  effects  have  not  been 
determined.  Animal  reproductive  organs,  especially  the  testes,  are  damaged  after  drinking  small 
amounts  of  thallium-contaminated  water  for  2  months.  A  minimal  risk  level  of  0.003  ppm  in  water 
was  derived  from  animal  data  from  short-term  exposure.  MRLs  provide  a  basis  for  comparison  with 
levels  that  people  might  encounter  in  food  or  drinking  water.  Exposure  to  amounts  below  the  MRL 
is  not  expected  to  cause  harmful  health  effects  (ATSDR,  Toxicological  Profile  for  Thallium,  1991). 

Thallium  forms  complexes  in  solution  with  halogens,  oxygen,  and  sulfur.  The  oral 
RfD  for  thallium  sulfate  is  listed  in  IRIS  as  8.0E-05  mg/kg/day.  This  value  is  based  on  a  subchronic 
(90  day)  oral  study  in  which  Sprague-Dawley  rats  were  treated  by  gavage  with  0, 0.01, 0.05,  or  0.25 
mg/kg/day.  Dose-related  increases  in  alopecia,  lacrimation,  and  exophthalmos  were  observed 
throughout  the  study.  Moderate  dose-related  changes  were  observed  in  blood  chemistry  parameters 
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(SGOT,  LDH,  sodium,  and  sugar  levels).  The  highest  dose  of  thallium  sulfate  (0.25  mg/kg/day)  was 
considered  the  NOAEL  (converted  to  0.20  mg/kg/day).  An  uncertainty  factor  of  3000  was  applied 
to  the  NOAEL  to  derive  the  RfD.  This  uncertainty  further  adjusts  for  intra-  (lOX)  and  interspecies 
(lOX)  variability,  extrapolation  of  a  subchronic  effect  level  to  a  chronic  level  (lOX),  and  a  factor  of 
3  to  account  for  lack  of  reproductive  and  chronic  toxicity.  The  confidence  level  in  the  RfD  is  low 
because  of  uncertainties  in  the  results  and  because  supporting  studies  report  that  health  effects  result 
at  doses  slightly  higher  than  the  NOAEL. 

Thallium  sulfate  is  classified  as  Group  D  -  Not  Classifiable  as  to  Human 
Carcinogenicity.  This  classification  is  based  on  a  lack  of  carcinogenicity  data  in  animals  and 
humans. 
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G.39  Toluene 

Toluene  has  the  ability  to  dissolve  fats.  As  a  result,  it  causes  pain  when  it  comes  in 
contact  with  the  eye.  Damage  to  the  skin  may  occur  upon  dermal  contact  as  a  result  of  scattered  loss 
of  epithelial  cells  and  solution  of  some  of  the  fats  that  occur  in  these  cells.  Factory  workers  handling 
organic  solvents  such  as  toluene  have  been  reported  to  have  low  sperm  counts,  abnormal  sperm  and 
varying  degrees  of  infertility  (Thomas,  1991).  Toluene  has  also  been  reported  to  cause  a  decrement 
of  pulmonary  function  (FEVi)  (Gordon  and  Amdur,  1991). 

A  chronic  oral  RfD  value  of  2.0E-01  mg/kg-day  is  listed  in  IRIS.  The  subchronic  oral 
RfD  listed  in  HEAST  is  2.0E-00  mg/kg-day.  These  values  are  based  primarily  on  a  subchronic 
gavage  study  in  which  rats  were  administered  varying  doses  of  toluene  for  13  weeks.  All  animals 
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receiving  the  highest  dose  (5000  mg/kg)  died  within  the  first  week.  In  males,  absolute  and  relative 
weights  of  both  the  liver  and  kidney  were  significantly  increased  at  doses  greater  than  or  equal  to  625 
mg/kg.  Absolute  and  relative  weights  of  the  liver,  kidney,  and  heart  were  significantly  increased  at 
doses  greater  than  or  equal  to  1250  mg/kg  in  females.  The  NOAEL  for  this  study  was  3 12  mg/kg- 
day  based  on  liver  and  kidney  weight  changes  in  male  rats  at  625  mg/kg.  Because  the  exposure  was 
for  5  days/week,  this  dose  is  converted  to  223  mg/kg-day.  The  LOAEL  was  625  mg/kg,  which  is 
446  mg/kg-day  when  converted. 

An  uncertainty  factor  of  1000  was  applied  to  derive  the  RfD  to  account  for  inter-  and 
intraspecies  extrapolations,  for  subchronic  to  chronic  extrapolation  and  for  limited  reproductive  and 
developmental  toxicity  data.  The  level  of  confidence  in  the  oral  RfD  was  medium.  This  rating 
reflects  that  a  sufficient  number  of  animals/sex  were  tested  in  six  dose  groups  and  that  many 
parameters  were  studied,  but  that  there  was  no  reproductive  study  and  that  the  oral  studies  were  all 
subchronic.  The  chronic  inhalation  RfC  of  4.0E-01  mg/m^  has  been  verified  according  to  the  new 
interim  methods  for  developing  RfCs  and  is  listed  in  IRIS.  The  subchronic  inhalation  RfC  is  listed 
in  HEAST  as  2.0E+00  mg/m^. 

USEPA  has  classified  toluene  as  Group  D~Not  Classifiable  as  to  Human  Carcino¬ 
genicity.  This  classification  reflects  the  lack  of  human  carcinogenicity  data  and  inadequate  animal 
data.  Therefore,  no  slope  factor  is  listed. 

toluene 
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G.40  l,l)2-Trichloroethane 

The  only  long-term  inhalation  study  showed  no  increased  mortality  in  laboratory 
animals.  However,  significance  of  the  study  is  questionable  because  experimental  methods  and 
results  were  not  described  in  sufficient  detail.  Intermediate  to  high  levels  of  1,1,2-trichloroethane 
vapors  have  resulted  in  increased  liver  enzymes  and  minor  fatty  changes  in  the  liver. 
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One  oral  study  showed  an  increased  incidence  of  hepatocellular  carcinomas  and  a 
significant  increase  in  the  occurrence  of  adrenal  pheochromocytomas  in  mice.  Dermal  application 
appears  to  cause  hydropic  changes  in  the  liver  and  erythema  and  edema  (ATSDR,  Toxicological 
Profile  for  1,1,2-Trichloroethane,  1989). 

IRIS  gives  a  chronic  oral  RfD  of  4E-03  mg/kg-day  for  1 , 1 ,2-trichloroethane.  HEAST 
provides  a  subchronic  oral  RfD  of  4E-02  mg/kg-day.  These  values  were  derived  from  a  subchronic 
drinking  water  study  in  where  the  critical  effect  was  observed  as  changes  in  the  clinical  chemistry 
(i.e.,  increased  liver  enzymes).  A  medium  confidence  rating  is  given  to  the  RfD  because  of  the 
general  lack  of  appropriate  chronic  study,  and  the  lack  of  a  NOAEL.  IRIS  indicates  that  the 
inhalation  RfC  is  under  review. 

1,2,2-Trichloroethane  is  classified  as  a  Group  C— Possible  Human  Carcinogen.  EPA 
has  based  this  classification  on  the  structural  similarities  between  1,1,2-trichloroethane  and  1,2- 
dichloroethane,  a  probable  human  carcinogen,  and  due  to  the  increased  incidence  in  hepatocellular 
carcinomas  and  pheochromocytomas  in  mice.  An  oral  slope  factor  of  5.7E-02  (mg/kg-day)'*  is  listed 
in  IRIS  as  well  as  an  inhalation  unit  risk  factor  of  1.6E-05  (pg/m^)'*.  The  inhalation  unit  risk  factor 
was  calculated  from  the  oral  exposure  data. 

G.41  Trichloroethene 

Trichloroethene  is  a  non-flammable,  man-made,  colorless  liquid  with  an  odor  similar 
to  ether  or  chloroform.  It  is  primarily  used  as  a  solvent,  especially  for  the  purpose  of  removing 
grease  from  metal  parts,  and  in  the  production  of  other  chemicals.  Trichloroethene  reaches  the 
environment  mainly  by  evaporation  or  disposal  from  industrial  facilities.  Trichloroethene  in  water 
and  soil  may  evaporate  to  the  air.  It  will  degrade  in  air  in  about  a  week  to  a  chemical  that  may  irritate 
the  lungs.  Trichloroethene  in  groundwater  and  surface  water  may  also  degrade,  but  when  in  soils, 
little  of  it  will  break  down  (ATSDR,  1992). 
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Inhalation  of  trichloroethene  may  result  in  adverse  health  effects.  Deaths  have  been 
reported  in  humans  that  inhaled  high  concentrations  of  trichloroethene,  although  the  concentrations 
and  durations  of  exposure  resulting  in  death  have  not  been  determined.  Deaths  have  been  reported 
in  animals  with  acute,  intermediate,  and  chronic  exposures  to  trichloroethene.  Cardiovascular, 
gastrointestinal,  hematological,  hepatic,  renal,  immunological,  and  neurological  effects  may  result 
from  inhalation  exposure  to  trichloroethene.  Inhalation  of  large  quantities  of  trichloroethene  may 
cause  dizziness,  sleepiness,  and  ultimately,  loss  of  consciousness.  Damage  to  the  nerves  of  the  face 
have  been  reported  in  people  exposed  to  high  levels  of  trichloroethene.  Skin  and  eye  irritation  may 
result  from  contact  with  trichloroethene  vapors  (ATSDR,  1992). 

Oral  ingestion  of  high  doses  of  trichloroethene  may  result  in  death,  although  only  one 
documented  case  of  death  in  humans  has  been  reported.  Other  effects  or  oral  ingestion  of 
trichloroethene  have  not  been  well  documented.  Animal  studies  indicate  that  hematological,  hepatic, 
renal,  immunological,  and  neurological  effects  may  result  from  trichloroethene  ingestion  (ATSDR, 
1992). 


Dermal  contact  with  trichloroethene  may  result  in  skin  irritation,  bums,  and  rashes. 
It  is  not  known  whether  dermal  contact  results  in  systemic  adverse  effects(ATSDR,  1992). 

Neither  IRIS  or  HE  AST  lists  an  oral  RfD,  inhalation  RfD  or  inhalation  RfC.  Risk 
assessments  are  currently  under  review  by  an  EPA  work  group  for  noncarcinogenic  effects  resulting 
from  trichloroethene  exposure.  EPA  Region  HI  however,  lists  an  oral  RfD  of  6.0E-3  mg/kg/day  in 
its  Risk-Based  Concentration  Table  (USEPA,  1995). 

The  carcinogenicity  of  trichloroethene  is  under  review.  It  has  been  reported  that 
people  who  used  water  from  a  well  contaminated  with  high  concentrations  of  trichloroethene  may 
have  had  an  increased  incidence  of  leukemia  (ATSDR,  1992).  IRIS  nor  HE  AST  list  oral  or 
inhalation  slope  factors  for  trichloroethene.  In  the  EPA  Region  El  Risk-Based  Concentration  Table, 
oral  and  inhalation  slope  factors  are  listed  as  1.1  E-2  and  6.0E-3  (mg/kg/day)'',  respectively.  The 
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inhalation  slope  factor  was  converted  to  an  inhalation  unit  risk  by  using  an  adult  body  weight  of  70 
kg  and  an  inhalation  rate  of  20  mVday. 
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G.42  Vinyl  Chloride 

Vinyl  chloride  is  a  colorless  vapor.  It  has  a  slightly  sweet  odor  and  can  exist  as  a 
liquid  under  high  pressure.  Almost  all  vinyl  chloride  is  man-made  for  use  in  the  plastics  industry  to 
make  polyvinyl  chloride.  Vinyl  chloride  was  used  in  the  past  as  a  coolant  and  propellant,  but  is  no 
longer  used  for  those  purposes.  Most  vinyl  chloride  found  in  the  environment  was  released  into  it 
by  the  plastics  industry.  It  may  also  be  found  in  the  environment  because  it  can  be  a  breakdown 
product  of  other  chemicals  and  is  found  in  tobacco  smoke  (ATSDR,  1992). 

Vinyl  chloride  may  adversely  affect  human  health  after  inhalation,  oral,  and  dermal 
exposure.  Deaths  have  occurred  in  humans  exposed  by  inhalation  to  high  levels  of  vinyl  chloride. 
Deaths  also  occurred  in  animals  after  brief  exposure  to  high  concentrations  of  vinyl  chloride  and 
decreased  longevity  was  observed  at  lower  concentrations  for  intermediate-  and  chronic-durations 
inhalation  studies.  Adverse  systemic  effects  caused  by  vinyl  chloride  inhalation  in  humans  and 
animals  include  respiratory,  cardiovascular,  hematological,  musculoskeletal,  hepatic,  dermal,  ocular, 
immunological,  neurological,  and  reproductive.  Evidence  that  vinyl  chloride  inhalation  adversely 
affects  human  developmental  and  reproduction  have  not  been  conclusive.  Adverse  renal  and 
reproductive  effects  have  been  observed  in  animals  after  vinyl  chloride  inhalation.  Adverse 
developmental  effects  were  observed  in  animals  exposed  to  vinyl  chloride  by  inhalation  at 
concentrations  toxic  to  maternal  animals(ATSDR,  1992). 
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No  studies  regarding  the  effects  of  oral  exposure  of  humans  to  vinyl  chloride  have 
been  found.  Oral  exposure  of  animals  to  vinyl  chloride  resulted  in  decreased  longevity  with  chronic 
ingestion,  adverse  hematological,  hepatic,  and  dermal  effects,  and  cancer  (ATSDR,  1992). 

Dermal  exposure  to  liquid  vinyl  chloride  by  humans  has  resulted  in  second  degree 
bums  and  numbing  of  the  skin.  No  studies  were  located  on  the  adverse  effects  of  dermal  exposure 
to  liquid  vinyl  chloride  in  animals  (ATSDR,  1992). 

No  RfD  or  RfC  is  available  in  IRIS  or  HEAST  for  vinyl  chloride. 

Vinyl  chloride  is  classified  as  a  Group  A  -  Human  Carcinogen.  It  has  been  found  to 
be  genotoxic  and  carcinogenic  with  inhalation  exposure  and  oral  exposure  (ATSDR,  1992).  HEAST 
lists  an  oral  slope  factor  of  1.9E0  and  an  inhalation  unit  risk  of  8.4E-5  (/ig/m3)‘*  for  vinyl  chloride. 
The  oral  slope  factor  was  based  on  the  results  of  a  1001  day  feeding  study  in  rats  measuring  lung  and 
liver  tumors.  The  inhalation  unit  risk  was  based  on  the  results  of  a  1  year  intermittent  administration 
of  vinyl  chloride  to  rats  measuring  liver  tumors. 
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G.43  Xylenes 

Short-term  exposure  of  humans  to  high  levels  of  xylene  or  chemical  mixtures 
containing  xylene  causes  irritation  of  skin,  eyes,  nose,  and  throat,  increased  reaction  time  to  visual 
stimuli,  impaired  memory/stomach  discomfort,  and  possible  changes  in  the  liver  and  kidneys.  Short¬ 
term  exposure  of  individuals  to  very  high  concentrations  of  xylene  can  result  in  death.  Both  short- 
and  long-term  exposure  of  humans  to  xylenes  can  also  cause  a  number  of  effects  on  the  nervous 
system  such  as  headaches,  lack  of  muscle  coordination,  dizziness,  confusion,  and  loss  of  balance 
(ATSDR,  1990). 
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Information  obtained  from  experimental  studies  conducted  on  animals  is  not  adequate 
to  determine  whether  xylene  causes  human  cancer.  However,  studies  on  animals  indicate  that  xylene 
may  cause  increased  numbers  of  deaths,  decreased  weight,  skeletal  changes,  delayed  skeletal 
development,  birth  defects,  and  enzyme  changes  in  organs  of  unborn  animals  (ATSDR,  1990). 

A  chronic  oral  RfD  of  2.00E+00  mg/kg-day  is  listed  in  IRIS  for  the  xylenes.  This 
value  is  based  on  a  chronic  rat  gavage  study  in  which  males  and  females  were  given  doses  of  0, 250, 
or  500  mg/kg/day,  5  days/week  for  103  weeks.  In  addition,  similar  studies  were  conducted  in  male 
and  female  mice  at  doses  of  0,  500,  or  1000  mg/kg/day.  A  dose-related  increase  in  mortality  was 
observed  in  male  rats  at  the  high-dose  level  (500  mg/kg-day  converted  to  357  mg/kg-day).  Increases 
in  mortality  were  also  seen  at  the  250  mg/kg-day  dose  (converted  to  179  mg/kg-day)  but  these 
increases  were  not  statistically  significant.  Many  of  the  early  deaths  were  caused  by  gavage  error. 
Mice  given  the  high-dose  (1000  mg/kg-day)  exhibited  CNS  toxicity  (hyperactivity).  No  treatment- 
related  histopathologic  lesions  were  observed  and  the  high-dose  (500  mg/kg-day)  is  a  FEL  (Frank 
Effect  Level)  and  the  low  dose  (250  mg/kg-day)  a  NOAEL.  An  uncertainty  factor  of  100  was  chosen 
for  species  extrapolation  and  to  protect  sensitive  individuals  (lOx  each).  A  confidence  rating  of 
medium  was  given  for  the  RfD  even  though  the  study  was  well  designed  and  contained  adequately 
sized  groups  of  two  species  which  were  tested  over  a  substantial  portion  of  their  lifespan.  This  rating 
reflects  the  fact  that  clinical  chemistries,  blood  enzymes,  and  urinalyses  were  not  performed. 

EPA  classifies  xylene  as  Group  D  -  Not  Classifiable  as  to  Human  Carcinogenicity  due 
to  an  inability  of  orally  administered  technical  grade  xylene  to  induce  increased  tumor  response  in 
rats  and  mice  and  lack  of  human  data. 
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HUMAN  HEALTH  RISK  MODEL  OUTPUT 


Risk  estimates  that  are  reported  as  a  zero  (0)  do 
not  necessarily  represent  a  0  risk.  The  number  is 
reported  as  0  if  there  is  no  toxicity  value  with  which 
to  calculate  a  risk  estimate. 


Note: 
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Table  H-22 

Carcinogenic  and  Noncarcinogenic  Risk  Estimates  for  Child  Current  Old  Town  Galena  Resident  (chronic)  Attributable 

Fire  Protection  Training  Area:  Reasonable  Maximum  Exposure  Scenario 

Cancer  Risk  Summary  ^on-Cancer 

_ _ _ _  _ Hazard  Index  Summary _ 
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Table  H-24 

Carcinogenic  and  Noncarcinogenic  Risk  Estimates  for  Child  Current  Old  Town  Galena  Resident  (chronic)  Attributable  to 

POL  Tank  Farm:  Average  Exposure  Scenario 
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Table  H-26 

Carcinogenic  and  Noncarcinogenic  Risk  Estimates  for  Child  Current  Old  Town  Galena  Resident  (chronic)  Attributable  to 

POL  Tank  Farm:  Reasonable  Maximum  Exposure  Scenario 

Cancer  Risk  Summary  Non-Cancer 

_  _ Hazard  Index  Summary _ 
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Table  H-29 

Carcinogenic  and  Noncarcinogenic  Risk  Estimates  for  Adult  Current  Old  Town  Galena  Resident  (chronic)  Attributable  to 

West  Unit:  Reasonable  Maximum  Exposure  Scenario 
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Table  H-31 

Carcinogenic  and  Noncarcinogenic  Risk  Estimates  for  Adult  Current  New  Town  Galena  Resident  (chronic)  Attributable  to 

Fire  Protection  Training  Area:  Average  Exposure  Scenario 
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Table  H-32 

Carcinogenic  and  Noncarcinogenic  Risk  Estimates  for  Child  Current  New  Town  Galena  Resident  (chronic)  Attributable  to 

Fire  Protection  Training  Area:  Average  Exposure  Scenario 

Cancer  Risk  Summary  Non-Cancer 

_  Hazard  Index  Summary 
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Table  H-33 

Carcinogenic  and  Noncarcinogenic  Risk  Estimates  for  Adult  Current  New  Town  Galena  Resident  (chronic)  Attributable  to 

Fire  Protection  Training  Area:  Reasonable  Maximum  Exposure  Scenario 
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Table  H-34 

Carcinogenic  and  Noncarcinogenic  Risk  Estimates  for  Child  Current  New  Town  Galena  Resident  (chronic)  Attributable  to 

Fire  Protection  Training  Area:  Reasonable  Maximum  Exposure  Scenario 

Cancer  Risk  Summary  Non-Cancer  I 

_ _ _ _ _ Hazard  Index  Summary _ 
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Table  H-41 

Carcinogenic  and  Noncarcinogenic  Risk  Estimates  for  Adult  Current  New  Town  Galena  Resident  (chronic)  Attributable  to 

West  Unit:  Reasonable  Maximum  Exposure  Scenario 

I  Cancer  Risk  Summary  ~  Non-Cancer 

_ _ _ _ _ _  _ Hazard  Index  Summary 
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Table  H-42 

Carcinogenic  and  Noncarcinogenic  Risk  Estimates  for  Child  Current  New  Town  Galena  Resident  (chronic)  Attributable  to 

West  Unit:  Reasonable  Maximum  Exposure  Scenario 
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Table  H-44 

Carcinogenic  and  Noncarcinogenic  Risk  Estimates  for  Current  Short-Term  On-Base  Worker  (subchronic)  Attributable  to 

Fire  Protection  Training  Area:  Reasonable  Maximum  Exposure  Scenario 
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Protection  Training  Area:  Average  Exposure  Scenario 
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Table  H-50 

Carcinogenic  and  Noncarcinogenic  Risk  Estimates  for  Current  Long-Term  On-Base  Worker  (chronic)  Attributable  to  Fire 

Protection  Training  Area:  Reasonable  Maximum  Exposure  Scenario 
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Table  H-Sl 

Carcinogenic  and  Noncarcinogenic  Risk  Estimates  for  Current  Long-Term  On-Base  Worker  (chronic)  Attributable  to  POL 

Tank  Farm:  Average  Exposure  Scenario 
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LEAD  MODEL  Version  0.99d 


AIR  CONCENTRATION:  0.100  ug  Pb/m3  DEFAULT 
Indoor  AIR  Pb  Cone:  30.0  percent  of  outdoor. 
Other  AIR  Parameters: 


Age 

Time  Outdoors  (hr) 

Vent.  Rate  (m3 /day) 

Lung  Abs .  ( % ) 

0-1 

1.0 

2.0 

32.0 

1-2 

2.0 

3.0 

32.0 

2-3 

3 . 0 

5,0 

32.0 

3-4 

4.0 

5.0 

32.0 

4-5 

4 . 0 

5.0 

32.0 

5-6 

4 . 0 

7.0 

32.0 

6-7 

4.0 

7.0 

32.0 

DIET :  DEFAULT 

DRINKING  WATER  Cone :  11.00  ug  Pb/L 

WATER  Consumption:  DEFAULT 


SOIL  &  DUST: 


Soil : 

constant  cone . 

Dust : 

constant  cone. 

Age 

Soil  (ug  Pb/g) 

House  Dust 

0-1 

86.0 

86.0 

1-2 

86.0 

86.0 

2-3 

86.0 

86.0 

3-4 

86.0 

86,0 

4-5 

86.0 

86.0 

5-6 

86.0 

86.0 

6-7 

86.0 

86.0 

Additional  Dust  Sources;  None 

DEFAULT 

(ug  Pb/g) 


PAINT  Intake:  0.00  ug  Pb/day  DEFAULT 


MATERNAL  CONTRIBUTION:  Infant  Model 
Maternal  Blood  Cone:  2.50  ug  Pb/dL 


CALCULATED  BLOOD  Pb  and  Pb  UPTAKES: 


YEAR 

Blood  Level 
(ug/dL) 

Total  Uptake 
(ug/day) 

Soil+Dust  Uptake 
(ug/day) 

0,5-1 

3.1 

5.70 

2.06 

1-2 

3.5 

8.50 

3.23 

2-3 

3.4 

9.03 

3.26 

3-4 

3.2 

9.06 

3.29 

4-5 

2.8 

8.30 

2.47 

5-6 

2.6 

8.43 

2.23 

6-7 

2.5 

8.70 

2.11 

Diet  Uptake 

Water  Uptake 

Paint  Uptake 

Air  Uptak 

YEAR 

(ug/day) 

(ug/day) 

(ug/day) 

(ug/day) 

0.5-1 

2.59 

1.03 

0.00 

0.02 

1-2 

2.68 

2.55 

0.00 

0.03 

2-3 

3.04 

2.67 

0.00 

0.06 

3-4 

:  2.95 

2.75 

0.00 

0.07 

4-5 

:  2.87 

2.89 

0.00 

0.07 

5-6 

:  3.04 

3.06 

0.00 

0.09 

6-7 

:  3.37 

3.12 
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Figure  H-1.  Estimated  Distribution  of  Blood  Lead  Concentrations  in  Resident  Children  at 
the  POL  Tank  Farm 
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Table  H-68 

California  DTSC  Lead  Risk  Assessment  Spreadsheet  Model  Results 

for  the  POL  Tank  Farm 
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LEAD  MODEL  Version  0.99d 

AIR  CONCENTRATION:  0.100  ug  Pb/m3  DEFAULT 
Indoor  AIR  Pb  Cone:  30.0  percent  of  outdoor. 
Other  AIR  Parameters: 


Age  Time  Outdoors  (hr)  Vent.  Rate  (m3/day) 

0-1  1.0  2.0 

1- 2  2.0  3.0 

2- 3  3.0  5.0 

3- 4  4.0  5.0 

4- 5  4.0  5.0 

5- 6  4.0  7.0 

6- 7  4 . 0  7 . 0 

DIET:  DEFAULT 

DRINKING  WATER  Cone:  19.00  ug  Pb/L 
WATER  Consumption:  DEFAULT 


Lung  Abs. 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 


SOIL  &  DUST: 


Soil : 

eonstant  eone. 

Dust : 

constant  cone. 

Age 

Soil  (ug  Pb/g) 

House  Dust 

0-1 

330.0 

330.0 

1-2 

330.0 

330.0 

2-3 

330.0 

330.0 

3-4 

330.0 

330.0 

4-5 

330.0 

330.0 

5-6 

330.0 

330.0 

6-7 

330.0 

330.0 

Additional  Dust  Sourees ;  None 

DEFAULT 

(ug  Pb/g) 


PAINT  Intake:  0.00  ug  Pb/day  DEFAULT 


MATERNAL  CONTRIBUTION:  Infant  Model 

Maternal  Blood  Cone:  2.50  ug  Pb/dL 


CALCULATED  BLOOD  Pb  and  Pb  UPTAKES; 


Blood  Level 

Total  Uptake 

YEAR 

(ug/dL) 

(ug/day) 

0.5-1 

6.1 

11.48 

1-2 

7.3 

17.93 

2-3 

6.9 

18.77 

3-4 

6.6 

19.10 

4-5 

5.8 

16.61 

5-6 

5.1 

16.34 

6-7 

4.7 

16.38 

Diet  Uptake 

Water  Uptake 

YEAR 

(ug/day) 

(ug/day) 

0.5-1 

2.42 

1.66 

1-2 

2.46 

4.05 

2-3 

2.82 

4.29 

3-4 

:  2.76 

4.45 

4-5 

2 . 74 

4.77 

5-6 

^  2.93 

5.09 

6-7 

3.25 

5.21 

Soil+Dust  Uptake 
(ug/day) 


7.37 

11.39 

11.60 

11.82 

9.03 

e.23 

7.82 

Paint  Uptake 
(ug/day) 


0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 


Air  Uptake 
(ug/day) 


0.02 

0.03 

0.06 

0.07 

0.07 

0.09 

0.09 


Table  H-69 

BEUBK  Model  Parameters  for  Estimating  Blood  Lead  Concentrations 
in  Resident  Children  at  the  West  Unit 
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Figure  H-2.  Estimated  Distribution  of  Blood  Lead  Concentrations  in  Resident  Children  at 
the  West  Unit 
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California  DTSC  Lead  Risk  Assessment  Spreadsheet 
Model  Results  for  the  West  Unit 
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APPENDIX  I 


Ecological  Assessment  Exposure  Parameters 
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Appendix  C— Ecological  Assessment  Exposure  Parameters 

Baseline  Risk  Assessment 


1.1  INTRODUCTION 

Constants  used  in  the  exposure  assessment  for  the  ERA  are  listed  below. 
Assessment  endpoint  species  contaminant  intake  is  detailed  in  Section  3.2.3.  Spreadsheets 
showing  the  calculations  are  shown  in  Appendix  K.  The  size  of  the  sites  are  shown  in 
Table  I-l.  The  areas  were  also  used  in  the  intake  estimation.  Areas  are  based  on  the  extent 
of  soil  contamination.  The  "Time  on  Site"  factor  accounts  for  migration  of  assessment 
endpoint  species  out  of  the  study  area. 

1.1.1  Meadow  Vole 


The  values  used  to  calculate  meadow  vole  exposure  are: 

•  Body  weight:  0.039  kilograms  (EPA,  1993); 

•  Water  intake:  0.0053  Liters  per  day  (calculated  using  methodology  in 
Section  3.2.3); 

•  Food  ingestion  rate:  0.0049  kilograms  dry  matter  per  day  (calculated 
using  methodology  in  Section  3.2.3); 

•  Percent  of  food  from  contaminated  source:  100%; 

•  Fraction  of  food  in  diet:  0.97; 

•  Fraction  of  soil  in  diet:  0.024  (Beyer  et  al.,  1993); 

•  Home  range:  0.034  acres  (EPA,  1993);  and 

•  Time  on  site:  1  (all  year). 

1.1.2  Spotted  Sandpiper 

The  values  used  to  calculate  spotted  sandpiper  intake  are: 
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Table  I-l 
Site  Areas 


Site  or  Source  Area  , 

Acres 

FPTA 

1.58 

POL  Tank  Farm 

6.39 

Bldg.  1845 

0.24 

JP4-Fillstands 

1.33 

Power  Plant  UST  No.  49 

0.03 

Million  Gallon  Hill 

6.26 

Waste  Accumulation  Area 

0.81 

March  1996 
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1.1.3 


•  Body  Weight:  0.047  kilograms  (EPA,  1993); 

•  Water  intake;  0.67  Liters  per  day  (calculated  using  methodology  in 
Section  3.2.3); 

•  Food  ingestion  rate  for  seabirds:  0.00744  kilograms  dry  matter  per  day 
(calculated  using  methodology  in  Section  3.2.3); 

•  Fraction  of  food  in  diet:  0.82; 

•  Fraction  of  soil  in  diet:  0.18  (value  for  western  sandpiper,  Beyer  et  al, 
1994); 

•  Home  range:  2.5  acres  (CDFG,  1990);  and 

•  Time  on  site:  5  months  (May  -  September,  Robbins,  1983). 

Red  Fox 

The  values  used  to  calculate  red  fox  intake  are: 

•  Body  weight:  5.25  kg  (male,  EPA,  1993); 

•  Water  intake:  0.44  Liters/day  (calculated  using  methodology  in  Section 
3.2.3); 

•  Food  ingestion  rate:  0.268  kilograms  dry  matter/day  (calculated  using 
methodology  in  Section  3.2.3); 

•  Percent  of  food  from  contaminated  source:  100%; 

•  Fraction  of  food  in  diet:  0.97; 

•  Fraction  of  soil  in  diet:  0.028  (Beyer  et  al.,  1993); 

•  Home  range:  1771  acres  (EPA,  1993);  and 

•  Time  on  site:  1  (all  year). 
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1.1.4  Robin 


The  values  used  to  calculate  robin  intake  are: 


•  Body  weight:  0.077  kilograms  (Dunning,  1993); 

•  Water  intake:  0.0105  Liters/day  (calculated  using  methodology  in 
Section  3.2.3); 

•  Food  ingestion  rate:  0.01597  kilograms  dry  matter/day  (calculated 
using  methodology  in  Section  3.2.3);] 

•  Percent  of  food  from  contaminated  source:  100%; 

•  Fraction  of  food  in  diet:  0.896; 

•  Fraction  of  soil  in  diet:  0.104  (Woodcock,  Beyer  et  al.,  1993); 

•  Home  range:  2.00  acres  (foraging  home  range  -  fledglings,  EPA, 
1993);  and 

•  Time  on  site:  6  months. 


1.1.5  American  Kestrel 


The  values  used  to  calculate  American  kestrel  intake  are: 


•  Body  weight:  0.120  kilograms  (female,  Dunning,  1993); 

•  Water  intake:  0.014  Liters/day  (calculated  using  methodology  in 
Section  3.2.3); 

•  Food  ingestion  rate:  0.01096  kilograms  dry  matter/day  (calculated 
using  methodology  in  Section  3.2.3); 

•  Percent  of  food  from  contaminated  source:  100%; 

•  Fraction  of  food  in  diet:  0.90; 

•  Fraction  of  soil  in  diet:  0. 10; 
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1.1.6 


1.1.7 

listed. 

1.1.8 
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Baseline  Risk  Assessment 

•  Home  range:  499  acres  (EPA,1993);  and 

•  Time  on  site:  6  months. 

Savannah  Sparrow 

The  values  used  to  calculate  Savannah  sparrow  intake  are: 

•  Body  weight:  0.0206  kilograms  (male,  Dunning,  1993); 

•  Water  intake:  0.004  Liters/day  (calculated  using  methodology  in 
Section  3.2.3); 

•  Food  ingestion  rate:  0.00521  kilograms  dry  matter/day  (calculated 
using  methodology  in  Section  3.2.3); 

•  Percent  of  food  from  contaminated  source:  100%; 

•  Fraction  of  food  in  diet:  0.89; 

•  Fraction  of  soil  in  diet:  0.104  (woodcock,  Beyer  et  al.,  1994); 

•  Home  range:  2.00  acres  (value  used  for  robin,  EPA,  1993).;  and 

•  Time  on  site:  6  months. 

Northern  Pike 

Northern  Pike  intake  was  not  assessed,  therefore  no  intake  parameters  are 


Invertebrates  (Aquatic  and  Terrestrial) 

Invertebrate  intake  was  not  assessed,  therefore  no  intake  parameters  are  listed. 
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Cresol  exist  in  three  forms:  ortho-cresol  (o-cresol),  meta-cresol  (m-cresol),  and  para-cresol  (p-creosol).  These  forms  are  manufactured  separately  and  as  mixtures.  Cresols  are  widely  distributed  natural 
compounds  formed  as  metabolites  of  microbial  activity  and  excreted  in  the  urine  of  mammals.  Cresols  are  also  a  product  of  combustion  and  are  natural  components  of  crude  oil  and  coal  tar.  In  general, 
cresols  will  degrade  in  surface  waters  rapidly.  BCFs  or  14.1  for  o-cresol  and  19.9  for  m-cresol  indicate  that  the  isomers  of  cresol  will  not  bioconcentrate  in  aquatic  systems.  Koc  values  of  17.5-1 17  have 
been  determined  for  the  three  isomeric  cresol  (1). 
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Ecological  Toxicity  Profile  for  2,4-Dimethylphenol 
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Ecological  Toxicity  Profile  for  4-Methyl-2-Pentanone  (MIBK) 
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Ecological  Toxicity  Profile  for  4-Methylphenol  (p-cresol) 
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Ecological  Toxicity  Profile  for4,4-DDT 
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Table  J-17 

Ecological  Toxicity  Profile  for  Acenaphthene 
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Ecological  Toxicity  Profile  for  Acenaphthylene 
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Ecological  Toxicity  Profile  for  Acetone 
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Ecological  Toxicity  Profile  for  Aluminum 
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Ecological  Toxicity  Profile  for  Anthracene 
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Ecological  Toxicity  Profile  for  Antimony 
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Ecological  Toxicity  Profile  for  Arsenic 
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Ecological  Toxicity  Profile  for  Barium 
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Ecological  Toxicity  Profile  for  Benzene 
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Ecological  Toxicity  Profile  for  Benzo(a)anthracene 
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Table  J-27 

Ecological  Toxicity  Profile  for  Benzo(a)pyrene 
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Ecological  Toxicity  Profile  for  Benzo(b)fluoranthene 


J-39 


Research  on  Cancer,  V#  74  (1973). 

Toxicol  Appl  Pharmacol  8(2):351  (1966). 
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Ecological  Toxicity  Profile  for  Benzo(g,h,i)perylene 
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Ecological  Toxicity  Profile  for  Beiizo(k)fluoranthene 
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Ecological  Toxicity  Profile  for  Benzoic  Acid 
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Ecological  Toxicity  Profile  for  Benzyl  Alcohol 
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Ecological  Toxicity  Profile  for  Beryllium 
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Ecological  Toxicity  Proflle  for  BHC  (alpha,  eta,  and  delta) 
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Ecological  Toxicity  Profile  for  BHC  (gamma)  Lindane 
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Table  J-36 

Ecological  Toxicity  Profile  for  Bis(2>ethylhexyl)phthalate 
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Agency  for  Toxic  Substances  and  Disease  Registry  (ATSDR).  Toxicological  Profile  for  Di(2-ethylhexvl)phthalate.  1989. 

Woodward,  K.N.  Phthalate  Esters:  Toxicity  and  Metabolism  Volume  H.  CRC  Press,  Inc,  Boca  Raton,  Florida  1988. 

Screening  Benchmarks  for  Ecological  Risk  Assessment,  Environmental  Sciences  and  Health  Sciences  Research  Division,  Oak  Ridge  National  Labs,  Oak  Ridge,  TN,  1994. 
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Ecological  Toxicity  Profile  for  Cadmium 
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Table  J-38 

Ecological  Toxicity  Profile  for  Chlorobenzene 
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Chlorobenzene  is  used  as  a  solvent  and  as  a  chemical  intermediate  in  industry.  Chlorobenzene  adsorbs  moderately  to  soil  and  is  biodegraded  comparatively  rapidly.  The  compound  persists  in  soil  for 
several  months,  air  for  approximately  3  days  and  in  water  for  less  than  a  day  (1). 
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Table  J-39 

Ecological  Toxicity  Profile  for  Chloroethane 
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Table  J-40 

Ecological  Toxicity  Profile  for  Chloroform 
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Table  J-40 
(Continued) 


Freshwater  Chronic  Proposed  AWQC  -  LOEL  =  1240  pg/L 

organisms  protective  of 

aquatic  life 


Significant  effects  are  not  expected  in  terrestrial  or  aquatic  ecosystems  rapidly  diluted  and  degraded  to  low  concentrations  in  the  troposphere.  Acute  effects  on  wildlife  can  occur  in  the  vicinity  of  major 
chlorofonn  spills,  but  signs  of  chronic  effects  from  long  term  exposure  to  low  ambient  levels  is  unlikely. 
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Table  J-41 

Ecological  Toxicity  Profile  for  Chloromethane 
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Ecological  Toxicity  Profile  for  Chromium 
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Ecological  Toxicity  Profile  for  Cobalt 
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Table  J-45 

Ecological  Toxicity  Profile  for  Cooper 
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Studies  have  not  shown  evidence  of  copper  bioaccumulation  in  the  food  chain,  but  disruption  of  the  food  chain  can  be  hypothesized.  A  Bioconcentration  Factor  (BCF)  of  10  has  been  determined  for  copper 
(1).  Copper  can  disrupt  important  microbial  processes  in  soils,  such  as  nutrient  cycling.  Certain  plant  species  (lichens  and  mosses)  are  especially  sensitive  to  copper  and  can  be  eliminated  from  the  ecosystem. 
Some  plants  accumulate  copper  at  high  levels,  with  low-growing  grasses  generally  having  the  highest  concentrations  and  tree  foliage  the  lowest. 
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Table  J-46 

Ecological  Toxicity  Profile  for  Dibenz(a,h)anthracene 
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Dibenz(a,h)anthracene  [D(ah)A]  is  a  polycyclic  aromatic  hydrocarbon  (PAH)  that  is  a  byproduct  of  incomplete  combustion.  In  the  environment,  D(ah)A  adsorbs  strongly  to  soil  and  sediment  (Ko^=6.9xl0*, 
Ko^=3.3xl0®).  It  is  considered  immobile  in  soil  and  leaching  to  groundwater  is  not  expected.  The  major  fate  of  soil  and  sediment-bound  D(ah)A  is  biodegradation.  The  Tj^  in  soil  is  estimated  to  be  approximately 
18-21  days.  Limited  lethality,  systemic  or  reproductive  toxicity  data  is  available  for  D(ah)A.  D(ah)A  has  been  shown  to  be  carcinogenic  in  experimental  animals  (lung,  thorax  and  skin).  There  is  sufficient 
evidence  that  D(ah)A  is  active  in  short-term  gentoxicity  tests. 
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Ecological  Toxicity  Profile  for  Dibromomethane 
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Ecological  Toxicity  Profile  for  Dieldrin 
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carbon  (2).CDDs  are  bioconcentrated  in  aquatic  organisms  and  terrestrial  animals,  but  the  magnitude  of  bioconcentration  is  lower  than  expected  from  predictive  methods  (e.g.  Kow).  This  is  due  to  the  fact 
that  some  of  these  compounds  are  metabolized  in  aquatic  and  terrestrial  animals  (3).  Bioaccumulation  of  CDDs  in  plants  from  soils  is  expected  to  be  small.  There  is  no  evidence  of  biomagnification  of 
PCDDs  in  birds,  but  it  is  speculated  that  piscivorus  birds  have  a  greater  potential  to  accumulate  PCDDs  than  the  fish  that  they  eat  (5). 


2,3,7,8-Tetrachlorodibenzo-p-dioxin  (2,3.7,8-TCDD) 
CAS  No.  1746-01-6 
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Tetrachlorodibenzofuran  (2,3,7,8-TCDF) 
CAS  No.  51207-31-9 
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Table  J-50 

Ecological  Toxicity  Profile  for  Di-n-Butylphthalate  (DBP) 
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Table  J-51 

Ecological  Toxicity  Profile  for  Endosulfan,  Endosulfan  I,  and  Endosulfan  Sulfate 
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•  BCF  =  2,755  in  striped  mullet  for  endosulfan  (1). 

•  Endosulfan  does  not  appear  to  biomagnify  in  the  food  chain. 
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Table  J-52 

Ecological  Toxicity  Profile  for  Endrin/Endrin  Aldehyde 
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Table  J-53 

Ecological  Toxicity  Profile  for  Ethylbenzene 
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Table  J-54 

Ecological  Toxicity  Profile  for  Fluoranthene 
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Table  J-55 

Ecological  Toxicity  Profile  for  Fluorene 
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Ecological  Toxicity  Profile  for  Heptachlor  and  Heptachlor  Epoxide 
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Table  J-57 

Ecological  Toxicity  Profile  for  Indeno(l,2,3-cd)pyrene 
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Ecological  Toxicity  Profile  for  Iron 
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Table  J-59 

Ecological  Toxicity  Profile  for  Lead 
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Table  J-59 
(Continued) 
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Table  J-60 

Ecological  Toxicity  Profile  for  Manganese 
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Table  J-61 

Ecological  Toxicity  Profile  for  Mercury 
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Table  J-62 

Ecological  Toxicity  Profile  for  Methoxychlor 
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Methoxychlor  was  first  synthesized  in  1893.  Commercial  production  of  methoxychlor  in  the  U.S.  was  first  reported  in  1946.  In  1975,  three  U.S.  companies  produced  approximately  5.5  million  pounds  of 
methoxychlor.  U.S.  production  in  1982  was  3  million  pounds.  Because  of  its  low  toxicity  in  animals  and  humans,  methoxychlor  has  been  viewed  as  an  attractive  replacement  for  DDT.  The  EPA  has  approved 
the  use  of  methoxychlor  as  a  pesticide  and  fumigant  on  more  than  85  crops. 
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Table  J-63 

Ecological  Toxicity  Profile  for  Methyl  Isobutyl  Ketone 
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Table  J-64 

Ecological  Toxicity  Profile  for  Methylene  Chloride 


J-105 


{Pimephales  through 

promelas) 


J-106 


8.  Agency  for  Toxic  Substances  and  Disease  Registry  (ATSDR)  Toxicological  Profile  for  Methylene  Chloride  1991. 

9.  Screening  Benchmarks  for  Ecological  Risk  Assessment.  Environemental  Sciences  &  Health  Sciences  Research  Division.  Oak  Ridge  National  Labs.  Oak  Ridge,  TN.  1994. 

10.  Hazardous  Substances  Data  Base  (HSDB).  On-line  Computer  Database.  U.S.  Department  of  Health  and  Human  Services.  Bethesda,  MD.  1995. 

1 1 .  EPA  Health  Assessment  Document  for  (Dichloromethane)  Methylene  chloride.  EPA/600/8-82-004B.  1983. 


Table  J.65 

Ecological  Toxicity  Profile  for  Molybdenum 
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Table  J-66 

Ecological  Toxicity  Profile  for  Naphthalene 
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Table  J-66 
(Continued) 
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Table  J-67 

Ecological  Toxicity  Profile  for  Nichol 
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(Continued) 
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Table  J-68 

Ecological  Toxicity  Profile  for  Phenanthrene 
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Table  J-69 

Ecological  Toxicity  Profile  for  Phenol 
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Table  J-70 

cological  Toxicity  Profile  for  Pyrene 


Table  J-71 

Ecological  Toxicity  Profile  for  Selenium 
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Non-Iethal  effects  of  selenium  include  reproductive  anomalies.  Selenosis  caused  congenital  malformations  in  rats,  mice,  swine  and  cattle.  Young  bom  to  females  with  selenosis  were  emaciated  and  unable  to 
nurse.  Mice  given  Se  in  drinking  water  reproduced  normally  for  three  generations,  but  litters  were  fewer  and  smaller  when  compared  to  controls,  pups  were  runts  with  high  mortality  before  weaning,  and  most 
survivors  were  infertile  (2).  Teratogenicity  caused  by  selenium  has  yet  to  be  adequately  established  in  mammals.  Selenium  exposure  has  been  shown  to  induce  cataracts  in  neonatal  rats,  guinea  pigs,  and  rabbits. 
Controlled  experiments  feeding  selenium  as  selenomethionine  to  pregnant  rhesus  monkeys  failed  to  produce  significant  birth  defects  even  though  maternal  and  fetal  toxicity  occurred  (7). 
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Table  J-72 

Ecological  Toxicity  Profile  for  Tetrachloroethene 
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Agency  for  Toxic  Substances  and  Disease  Registry  (ATSDR)  Toxicological  Profile  for  Tetrachloroethene.  1993. 

U,S.  EPA  Updated  Health  Effects  Assessment  for  Tetrachloroethvlene.  EP A/600/8-89/096,  Feb  1988. 

Hazardous  Substances  Data  Base  (HSDB),  1994,  On-Une  Computer  Database.  U.S.  Department  o  Health  and  Humans  Services,  Bethesda,  MD. 

Screening  Benchmarks  for  Ecological  Risk  Assessment.  Environmental  Sciences  and  Health  Sciences  Research  Division,  Oak  Ridge  National  Labs,  Oak  Ridge,  TN,  1994. 


Table  J.73 

Ecological  Toxicity  ProHle  for  Thallium 
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Table  J-74 

Ecological  Toxicity  Profile  for  Toluene 
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Table  J-75 

Ecological  Toxicity  Profile  for  Trichloroethene 


Agency  for  Toxic  Substances  and  Disease  Registry  (ATSDR)  Toxicological  Profile  for  Trichloroethene.  1990. 

American  Conference  of  Governmental  Industrial  Hygienists  (ACGIH)  Documentation  of  TLVs  and  BEIs,  6th  Edition.  Cincinnati,  Ohio,  1991. 
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Ecological  Toxicity  ProHle  for  Trichlorofluoromethane 
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Ecological  Toxicity  Profile  for  Vanadium 
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Table  J-78 

Ecological  Toxicity  Profile  for  Vinyl  Acetate 
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Agency  for  Toxic  Substances  and  Disease  Registry  (ATSDR)  Toxicological  Profile  for  Vinvl  Acetate.  1990 

Hazardous  Substance  Data  Baxe  (HSDB).  On-line  Computer  Database.  U.S.  Department  of  Health  and  Human  Services,  Bethesda,  MD.  1995 
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Ecological  Toxicity  Profile  for  Vinyl  Chloride 
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Agency  for  Toxic  Substances  and  Disease  Registry  (ATSDR)  Toxicological  Profile  for  Vinvl  Chloride.  1993. 

Aquatic  Information  Retrieval  (AQUIRE),  1994,  On-Line  Computer  Database:  Chemical  Information  Systems,  Inc.,  Baltimore,  Md. 


Table  J-80 

Ecological  Toxicity  Profile  for  Xylenes 
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Table  J-81 

Ecological  Toxicity  Profile  for  Zinc 
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Table  K-1 

Fire  Protection  Training  Area 

Ecological  Quotients  for  the  Northern  Pike  from  Discharged  Groundwater 


Chemical 

Cone 
in  Water 
mg/L 

Toxicity 

Data 

mg/L 

Reference 

Uncert. 

Factor 

Toxicity 

Benchmaiic 

Total 

EQ 

1 ,2-Dichloroethane 

5.35E-06 

20 

AWQC 

1 

20 

2.67E-07 

4,4'-DDT 

1.05E-07 

0.000001 

AWQC 

1 

0.000001 

1.05E-01 

alpha-BHC 

2.03E-08 

0.032 

EC-guppy 

10000 

0.0000032 

6.33E-03 

Benzene 

4.12E-06 

5.3 

AWQC 

10 

0.53 

7.78E-06 

beta-BHC 

3.11E-08 

0.032 

EC-guppy 

10000 

0.0000032 

9.73E-03 

Bromochloromethane 

2.71E-04 

a 

a 

a 

a 

a 

Chloromethane 

2.30E-09 

27 

LC50-silverside 

10000 

0.0027 

8.52E-07 

Dibromomethane 

8.30E-10 

a 

a 

a 

a 

a 

Dieldrin 

2.55E-08 

0.0000019 

AWQC 

1 

0.0000019 

1.34E-02 

Ethylbenzene 

1.83E-07 

42.3 

LClOO-minnow 

1000 

0.0423 

4.33E-06 

ganuna-BHC 

2.83E-08 

0.023 

LC50-salmon 

0.000023 

1.23E-03 

Heptachlor 

2.03E-45 

0.0000038 

AWQC 

1 

0.0000038 

5.34E-40 

Heptachlor  epoxide 

2.98E-08 

0.0000038 

AWQC 

1 

0.0000038 

7.85E-03 

Lead 

6.58E-05 

0.0032 

AWQC 

1 

0.0032^ 

2.06E-02 

Methoxychlor 

2.05E-07 

0.0003 

AWQC 

1 

0.0003 

6.82E-04 

Toluene 

3.51E-13 

17.5 

AWQC 

10 

1.75  j 

2.01E-13 

Xylene  (total) 

4.20E-06 

13.5 

LC50-trout 

100 

3.11E-05 

a  =  no  toxicity  information  available 

EQ  pike  ^concentration  in  water/toxicity  benchmark 

Concentration  in  water  =  modeled  groundwater  concentrations  at  a  5~feet  range  from  shoreline  (see  Appendix  C) 

K-1 


Table  K-2 

Fire  Protection  Training  Area 

Ecological  Quotients  for  Aquatic  Invertebrates  at  the  Mudflats 


Chemical 

1^ 

■M 

Reference 

XIncert 

Factor 

Toxicity 

Benchmark 

Total 

EQ 

1,2-Dichloroethane 

0.001035 

20 

AWQC 

1 

20 

5.17E-05 

4,4'-DDT 

2.04E-05 

0.000001 

AWQC 

1 

0.000001 

2.04E+01 

alpha-BHC 

3.92E-06 

0.1 

EC50-Daphnia 

100 

0.001 

3.92E.03 

Benzene 

0.000798 

5.3 

AWQC-LOEL 

10 

0.53 

1.50E-03 

beta-BHC 

6.02E-06 

0.1 

EC50-Daphnia 

100 

0.001 

6.02E-03 

Bromochloromethane 

0.05252 

a 

a 

a 

a 

a 

Chloromethane 

4.45E-07 

27 

LC50-fish 

100000 

0.00027 

1.65E-03 

Dibromomethane 

1.61E-07 

a 

a 

a 

a 

a 

Dieldrin 

4.93E-06 

0.0000019 

AWQC 

1 

0.0000019 

2.60E+00 

275 

0.00275 

1.29E-02 

LC48-Daphnia 

0.0046 

1.19E-03 

Heptachlor 

3.93E-43 

0.0000038 

AQWC 

1 

0.0000038 

1.03E-37 

Heptachlor  epoxide 

5.78E-06 

0.0000038 

AQWC 

1 

0.0000038 

1.52E-H)0 

Lead 

0.012732 

0.0032 

AWQC 

1 

0.0032 

3.98E+00 

Methoxychlor 

3.96E-05 

0.0003 

AWQC 

1 

0.0003 

1.32E-01 

Toluene 

6.8E-11 

17.5 

AWQC-LOEL 

10 

1.75 

3.89E-11 

Xylene  (total) 

0.000813 

13 

LC50-fish 

100000 

0.00013 

6.25E+00 

a  =  no  toxicity  data  available 

EQ  invertebrate  =  Concentration  in  water/toxicity  benchmark 

Concentration  in  water  =  modeled  groimdwater  concentrations  discharging  to  the  shoreline  (see  Appendix  C 

K-2 


Table  K-3 

Fire  Protection  Training  Area 

Ecological  Quotients  for  the  Spotted  Sandpiper  at  the  Mudflats 


K-3 


Table  K-4 

Fire  Protection  Training  Area 
Ecological  Quotients  for  Terrestrial  Plants 


Chemical 


1,1,1  -Trichloroethane 


1,1,2,2-Tetrachloroethane 
2-Butanone  (MEK) 


2-Hexaiione _ 

4,4'-DDD _ 

4,4'-DDE _ 

4,4'-DDT _ 

Acenaphthene _ 


Anthracene _ 

Benz(a)anthracene 


gamma-BHC _ 

Heptachlor 


Heptachlor  epoxide 
HpCDD  Totals 


Indeno(l,2,3-cd)pyrene 

Lead _ 

Methoxychlor _ 

Methylene  chloride 
Naphthalene 


OCDD _ 

Phenanthrene 


Pyrene _ ^ _ 

Toluene _ 

Vinyl  acetate _ 

Xylene  (total) 


Itefbreiice 

Uncert. 

Toxicity 

Ecological 

Factor 

Benchmark 

Quotients 

2,4221 

0.0912 

0.0257 
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Table  K-7 

Fire  Protection  Training  Area 
Ecological  Quotients  for  Terrestrial  Invertebrates 


Chemical 


Reference 

Uncert 

Toxicity 

Total 

EQ 

Factor 

BenChinark 

a 

a 

a 

14 

EC40-daphnia 

10 

a 

a 

a 

1, 1,1-Trichloroethane 


1 , 1 ,2,2-Tctrachloroethane 
2-Butanone  (MEK) 


2-Hexanone _ 

4,4'-DDD 


4,4'-DDE _ 

4,4'-DDT 


Acenaphthene _ 

Acenaphthylene 


Aldrin  _ _ 

alpha-BHC 


Anthracene _ 

Benz(a)anthracene 


Benzene _ 

Benzo(a)pyrene 


Benzo(b)fluoranthene 

Benzo(g,h,i)perylene 


Benzo(k)fluoranthene 

beta-BHC 


Bromodichloromethane 

Cadmium 


Chlorobenzene  _ 

Chrysene _ 

delta-BHC _ 

Dibenz(a,h)anthracene 

Dieldrin 


Endosulfan  I _ 

Endosulfan  II 


Endrin _ 

Endrin  aldehyde _ 

Fluoranthene _ 

Fluorene 


Phenanthrene 


Pyrene _ 

Toluene 
Vinyl  acetate 
Xylene  (total) 


52 


0.0II4 

0.0173 


0.1  EC50-daphnia 

a _ a _ 

a  a 


27  LC50“Shrimp 

_ 1  LC50-sandworm 

a _ a _ 

a  a 


a _ a _ 

0,1  EC50-daphnia 


a _ a _ 

6.4  LC50-plankton 
a  a 


a _ a _ 

0.1  EC50-daphnia 


a _ a _ 

0.0011  LC50-chironomid 


1 

0.04 

LC50“Shrimp 

\ 

173 

LC50-earthworm 

■ 

0.008 

Heptachlor  epoxide 

0.0031 

0.047 

LC50-daplmia 

10 

HpCDD  Totals 

0.0001 

a 

a 

a 

lndeno(  1 ,2,3-cd)pyrene 

0.0204 

a 

a 

a 

Lead 

59.9168 

50 

LOEC-plant 

1000 

a 

a 


a 

1,94E-01 


a 

a 


4.21E-02 

1.73E-01 


a 

a 

0.00011 

1.51E+01 

a 

a 

a 

a 

a 

a 

a 

a 

0.004 

9.30E-01 

17.3 

5.58E-02 

8.0825 

0.2792 

0.1037 

9.0891 

27.9890 


3.8 

LC50-sandwonn 

10 

0.38 

8.43E-K)0 

a 

a 

a 

a 

a 

6 

LC50-sandwonn 

10 

0.6 

L35E+01 

a 

a 

a 

a 

a 

22 

LC50-mosquito 

10 

2.2 

4.71E-02 

81 

EC-protozoa 

10 

8.1 

1.12E+00 

100 

LOEC-plant 

1000 

0.1 

a  =  no  toxicity  information  available 

EQ  for  invertebrates  =  Cone  in  soil/toxicity  benchmark 
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Table  K-8 

Fire  Protection  Training  Area 
Ecological  Quotients  for  the  Savannah  Sparrow 


Fire  Protection  Training  Area 
Ecological  Quotients  for  the  Savannah  Sparrow 
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Table  K-9 

Fire  Protection  Training  Area 
Ecological  Quotients  for  the  Kestrel 


rrvo 

oooooooo  99 

[xltxlfilpiwtqww  WW 

(Nl>OVDOO'^^u^  ca'^o  ea 

oovovq»-^ooa\fo»-^  rn»n 

TT  cs  fO  <N  VO  rn  T3-'  00  ^ 


O' 

a  ov 

<N 

<s 

<s 

<N 

o 

m 

00 

(S 

m 

t 

r- 

iTi 

rn 

cq 

rq 

S  « 

in 

a 

a 

r-; 

cd 

Cd 

ca  "O 

e«  00 

Ov 

vd 

td 

uS 

wS 

00 

m* 

Ov 

m 

If 

a 

Ov 

OV 

Ov 

Ov 

ov 

♦-H 

Ov 

Ov 

Ov 

f-H 

ov 

QO 

^  00  VO  00  00  00 

tn  <s  VO  VO  vq 

d  <N  ^  ^ 


or-  <s 

cd  Ov  ^  cd 

^  vd  d 


<S 

r- 

vq 

,—1 

,—1 

00 

VO 

Ov 

r— 4 

m 

vd 

o 

00 

00 

O 

Ov 

o 

o 

o 

o 

o 

o 

fS 

in 

r>H 

(S 

d 

<s 

d 

o 

o 

o 

o 

o 

o 

o 

d 

o 

d 

d 

ed 

d 

o 

d 

d 

d 

d 

A 

o  o  o  o  ^ 
^  o  o  o 
^  o  ^ 
o 


?  ^  s  s 

Jl  ^  Jl 

n  n  n  O  O 
j  3  J  Z  2 


^  Cd  Cd  ^  Cd 

vd 


mil 

^  M  ^  Xi 

'T’T’T’T'T'ti 
^  j  j  2 


II  mils  I 


Q  Q  Q  Q  Q  6 
Z  Z  Z  Z  Z  3 


CPoi^icify 

mg/kg-d 

201.4 

ts 

cd 

2737 

099 

o 

o 

o 

d 

o 

o 

o 

d 

t*H 

o 

o 

o 

d 

00 

cd 

9800 

0.289 

cd 

5.04 

ov 

d 

cd 

cd 

ed 

0.289 

cd 

19.7 

ed 

0.00027 

0.289 

ed 

00 

tn 

o 

d 

0.302 

fS 

o 

d 

2000 

cd 

1.92 

q 

r- 

tn 

tn 

VD 

VO 

r- 

tn 

r- 

r- 

m 

r- 

VO 

VO 

VO 

VO 

00 

r- 

VO 

tm* 

*0 

o 

9 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

q 

q 

o 

o 

o 

o 

o 

o 

q 

£ 

Js 

pi 

pq 

W 

w 

W 

pi 

ti 

pi 

W 

pi 

pi 

pi 

pi 

pi 

pi 

pi 

pi 

pi 

pi 

pi 

pi 

pi 

pi 

pi 

Cd 

o 

m 

<N 

<N 

tn 

VO 

<s 

Cd 

ov 

tn 

ed 

cd 

o 

ed 

ed 

cd 

00 

a 

ov 

ed 

r' 

ov 

cd 

r- 

<N 

Ov 

tn 

cd 

VO 

VO 

1.5 

S 

r- 

tn 

00 

''d- 

00 

Ov 

<n 

CO 

1—4 

fn 

VO 

00 

o 

o 

o 

1— < 

<N 

00 

o 

1—4 

Tt 

00 

<s 

a 

A 

s 

Ov 

00 

Ov 

r>l 

t-H 

fd 

t> 

rr 

r- 

<N 

tn 

fd 

f4 

<N 

fd 

<s 

tn 

<s 

m 

o 

,1^ 

<s 

r-T 

<s 

rr> 

m 

,—1 

VO 

m 

fn 

o' 

"o' 

rs 

fN 

VO 

fn 

fO 

u 

pp 

O 

pi 

? 

TtV 

o 

1 

pq 

o 

+ 

m 

q 

U 

o 

t 

UQ 

o 

1 

W 

o 

1 

pq 

9 

w 

9 

u 

9 

w 

9 

pq 

9 

u 

? 

FtI 

o 

m 

9 

w 

9 

w 

? 

tx) 

o 

+ 

cb 

O 

1 

pL] 

O 

1 

2 

o 

i 

p:^ 

o 

1 

p:^ 

9 

m 

o 

HH 

Ov 

oi 

<N 

ro 

o 

tn 

<N 

m 

hH 

tn 

o 

VO 

t> 

5 

0} 

QU 

SiD 

m 

tn 

tn 

o 

o 

q 

Ov 

00 

cd 

cd 

cd 

oo 

ed 

cj 

q 

ed 

fn 

ed 

tn 

tn 

cd 

tn 

VO 

q 

q 

q 

<s 

cd 

o 

tn 

V 

«) 

ii 

B 

r-*’ 

vd 

fd 

ni 

tn 

OV 

rs 

tn 

fd 

tn 

ni 

fd 

<s 

00 

00 

ov 

fS 

<N 

1—4 

tn 

csi 

d 

o 

o 

_. 

o' 

o 

_. 

rf 

o' 

o' 

o 

rr 

o 

o' 

O 

o' 

d" 

O 

o 

d" 

_ 

"d 

E 

q 

q 

Ov 

q 

q 

q 

q 

m 

o 

<N 

q 

<s 

q 

o 

fS 

O 

o 

o 

O 

o 

o 

o 

S 

ov 

d 

tn 

tn 

tn 

d 

00 

d 

f— • 

d 

00 

Ov 

ov 

00 

00 

d 

d 

lU 

OT« 

< 

<s 

ed 

ed 

Cd 

<s 

Cd 

ed 

Cd 

<s 

ed 

cd 

tn 

tn 

Cd 

f— 1 

1 

o 

o 

fS 

00 

rr 

Ov 

VO 

<N 

fo 

fS 

00 

fS 

ro 

ov 

00 

o 

VO 

fS 

tn 

00 

o 

Ov 

VO 

tn 

o 

m 

Ov 

fS 

<N 

VO 

o 

VO 

VO 

<N 

Ov 

<N 

fO 

<N 

o 

o 

t-M 

1— < 

(N 

O 

O 

o 

O 

o 

r—t 

q 

O 

o 

O 

o 

o 

q 

O 

o 

o 

O 

o 

O 

o 

<n 

VO 

o 

B 

d 

d 

fd 

<S 

d 

d 

d 

d 

d 

d 

d 

1—4 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

r^o<s«— loor-vom 
oooooovoo 

OOOOOOOVO 


S 

^  o 

pS 

§ 

i 

2  *n 

2 

§ 

"S  H 

fN^ 

ra 

S 

I 

CS 

iJA 

1"^ 

9 

9 

U 

f-T 

fS 

<s 

0  t  S  3 

0  s  &  & 

Q  Q  §  § 


g  Q  SI  O 
&  S.  -d’l'H 


mm 


^  s  s  s  s 

c  u  u  u  u 


3  S  ffi 

^  §  OQ 


as®aii«.s.s 

U  U  *0 


K-12 


Table  K-9 

Fire  Protection  Training  Area 
Ecological  Quotients  for  the  Kestrel 
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Table  K-10 
POL  Tank  Farm 

Ecological  Quotients  for  Northern  Pike  from  Discharged  Groundwater 


Chemical 


& 

S 


,4-Diincthylphenol _ 

■Butanone  (MEK) _ 

-Methylnaphthalene _ 

«Methylphenol(o-cresol) 

,4*-DDD _ 

,4*-DDE _ 

,4*-DDT _ 

Methyl-2-Pentanone(MIBK) 

Methylphenol(p‘Cresol) 


enzyl  alcohol _ 

eta-BHC _ 

is(2-Ethylhexyl)phthalate 

Bromochloromethane 


Dibromomethane 

Dieldrin _ 

indosulfan  I _ 

‘ndosulfan  sulfate 


Ithylbenzene 

Fluorene 

gamma-BHC 

Heptachlor 


Thallium _ 

Toluene _ 

Trichloroethene _ 

Trichiorofluoromethane 
Xylene  (total) 


Cone 
in  Water 
mg/L 


Total 

Reference 

tJneert 

Toxicity 

EQ 

Factor 

Benchmark 

1 , 1  -Dichloroethene 

2.06E-09 

11.6  AWQC 

1 

1] 

lannKViib'i 

1 ,2-Dichloroethane 

l.lOE-05 

20  AWQC 

1 

4.68E-47 _ 17  LC50-minnow 

1.25E-46 _ 5600  LC50-mosquito  fish 

5.70E-03 _ 2  LC50»minnow 

1.30E^6  0.15  AWQC _ 

9,22E-07  0.000001  AWQC _ 

L13E-06  0.000001  AWQC _ 

3.17E-07  0.000001  AWQC _ 

1.44E-47 _ 460  LC50~goldfish 

5.54E-26  0.15  AWQC _ 

1 .20E-03  0.15  AWQC  _ 


5.91E-08 

1.9E-06 

AWQC 

alpha-BHC 

2.45E-08 

0.032] 

EC-guppy 

enzene 

4.12E-06 

5.3 

AWQC 

enzoic  acid 

5.08E-02 

a 

2.21E-05 

3.12E-08 

1.83E-06 

3.70E-04 


_ 15  LC50-silverside 

0.032  EC-guppy 
540  LC50-trout 


8.30E-10 

6.74E-08 

6.66E-75 

l,30E-07 


a 

1.9E-06 

5.6E-06 

5.6E-06 


Endrin 

4.27E-09 

2.3E-06 

Endrin  aldehyde 

6.65E-09 

2.3E-06 

1.24E-05 

2.38E-10 

3.05E-08 

2.03E^5 


42.3 

_ 0^ 

0.023 

3.8E-06 


3.8E-06 

0.0032 


AWQC _ 

AWQC 

AWQC 


AWQC 

AWQC _ 

LC  100-minnow 
LC50-bluegill 
LC50-salmon 
AWQC 


A 

A 


07 

3.79E-04 

3.51E-13 

9.16E-06 

1.29E-07 

2.59E-02 


AWQC 
:  AWQC 
'AWQC 

_ a 

LC50-trout 


0.0017 
0.56' 
0.0002 ' 
0.15' 
0.000001 ' 
0.000001  ' 
0.000001  ' 
0.046 ' 
0.15" 
0.15" 


2.75E-44 

2.23E-46 

2.85E-H01 

8.63E-46 

9.22E-01 

1.13E-f00 

3.17E-01 

3.13E-46 

3.70E-25 

7.98E-03 


Acetone 

7.49E45 

7032  LC50-guppy 

10000 

0.7032 

1.07E44 

Acenaphthylene 

1.41E-06 

111  EC-carp 

10000 

0.0111 

1.27E-04 

0.0000019 

3.11E-02 

0.0000032 

7.66E-03 

0.0015 

0.0000032 

0.054 

a 


2_ 

3 


3.40E-05 

a 


Chlorobenzene 

7,80E-07 

16.9 

LC50-minnow 

10000 

0.00169 

4.62E-04 

Chloroethane 

7.75E-17 

a 

a 

a 

a 

a 

Chloromethane 

2.30E-09 

27 

LC50-silverside 

Dibenzofuran 

1.07E-22 

0.0001 

dose-pike 

0.0000019 
0.0000056 ' 
0.0000056 ' 


0.0000023 
0.0000023  ' 
0.00423  ' 
0.00005  ' 
0.0000023  ' 
0.0000038 ' 


0.0000038 
0.0032 ' 


)193 

0.62" 


AWQC 

1 

o.c 

AWQC 

1 

a 

3.55E-02 

1.19E-69 

2.32E-02 


1.86E-03 

2.89E-03 

2.94E-03 

4.76E-06 

1.33E-02 

5.34E^0 


5.14E-02 

4.49E-02 


1.33E-12 

4.77E-06 


1.80E-05 

5.08E-90 


9.47E-03 

2.01E-13 

4.18E-07 

a 

1.92E-01 


a  =  No  toxicity  information  available 

EQ  pike  =  Concentration  in  water/toxicty  benchmark 

Concentration  in  water  =  modeled  groundwater  concentrations,  at  a  5-feet  range  from  shoreline  (see  Appendix  C) 
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Table  K-11 
POL  Tank  Farm 

Ecological  Quotients  for  Aquatic  Invertebrates  at  the  Mudflats 


Chemical 

Cone 
in  GW 

Toxicity 

Data 

Reference 

Uncert 

Toxicity 

Total 

EQ 

mg/L 

mg/kg 

Factor 

Benchmaiii 

1.1- Dichloroethene 

1.2- Dichloroethane 


2.766E-07 
0.0007632 ' 


AWQC 

AWQC 


2.38E-08 

3.82E-05 


2,4-Dimethylphenol 

6.28E-45 

,2.12 

LC50-daphnia 

100 

0.0212 

2.96E-43 

2-Butanone  (MEK) 

L675E-44 

3220 

LC50-fish 

10000 

0.322 

5.20E-44 

2-Methylnaphthalene 

0.7642724 

1.1 

LC50-shrimp 

10000 

0.00011 

6.95E+03 

2-MethylphenoI(0“Cresol) 

1.737E-44 

0.15 

AWQC 

1 

0.15 

1.16E-43 

4,4'-DDD 

0.0001237 

0.000001 

AWQC 

1 

0.000001 

1.24E+02 

4,4'-DDE 

0.0001518 

0.000001 

AWQC 

4,4'-DDT 

2.845E-05 

0.000001 

AWQC 

4-Methyl-2-Pentanone(MIBK) 

1.934E-45 

505 

LC50-fish 

4-Methylphenol(p-cresol) 

7.439E-24 

0.15 

AWQC 

4-Methylphenol/3  -Methylphenol 

0.1604972 

0.15 

AWQC 

Acetone 

1.005E-42 

6190 

LC50-mosquito 

Acenaphthylene 

0.0001893 

111 

EC-carp 

Aldrin 

7.93E-06 

0.0000019 

AWQC 

alpha-BHC 

5.697E-07 

0.1 

EC50-daphnia 

Benzene 

4.477E-08 

5.3 

AWQC 

Benzoic  acid 

6.8147626 

a 

a 

Ben^l  alcohol 

:  0.0029616 

15 

LC50-fish 

is(2-Ethylhexyl)phthalate 

Bromochloromethane 


Chlorobenzene _ 

Chloroethane 


Chloromethane 

Dibenzofuran 


Dibromomethane _ 

Dieldrin 


Endosulfan  I _ 

Endosulfan  sulfate 


Endrin _ 

Endrin  aldehyde _ 

Ethylbenzene _ 

Fluorene 


.925E-12 

.434E-20 


1.907E-15 

5.626E-06 

8.933E-73 

1.745E-05 

5.732E-07 

8.917E-07 

0.0016435 

3.195E-08 


0.0000019 

0.0000056 

0.0000056 

0,0000023 

0.0000023 


LC50-trout 

a 


LC50-fish 

a 


LC50-fish 

AWQC 


_ a 

AWQC 

AWQC 

AWQC 

AWQC 

AWQC 


0.000001 

0.000001 


0.0505 

0.15 

0.15 

61.9 

0.0111 

0.0000019 


0.001 

5.3' 


a 

0.0015 


0.001 

0,54 

a 


0.00018 

a 

0.0027 
0.00000001 ' 


a 

0.0000019 

0,0000056 

0.0000056 

0.0000023 

0.0000023 


1.52E+02 

2.85E-K)1 


3.83E-44 

4.96E-23 

1.07E+00 

1.62E-44 

1.71E-02 

4.17E+00 


5.70E-04 

8.45E-09 


a 

1.97E+00 

5.22E-06 

4.56E-04 

a 


5.82E-01 

a 

7.13E-10 

1.43E-12 


a 

2.96E+00 

1.60E-67 

3.12E+00 

2.49E-01 

3.88E-01 


275 

LC50-shrimp 

10000 

0.0275 

5.98E-02 

1 

LC50-shrimp 

10000 

j  0.0001 

3.19E-04 

gamma-BHC 

0.46 

100 

0.0046 

6.29E-05 

Heptachlor 

1 

0.0000038 

2.31E-112 

0.0000038 

5.84E+00 

0.0032 

3.26E+00 

Methylene  chloride 


Naphthalene _ 

Phenanthrene 


2.24 

1.54E.12 

0.62 

6.41E-04 

0.063 

2.41E-04 

Phenol 

1.743E-87 

2.56 

AWQC 

1 

2.56 

6.81E-88 

Thallium 

0.0508241 

0.004 

AWQC 

1 

0.004 

1.27E+01 

Toluene 

2.693E-21 

17.5 

AWQC 

1 

17.5 

1.54E-22 

Trichloroethene 

0.0012288 

21.9 

AWQC 

1 

21.9 

5.61E-05 

Trichlorofluoromethane 

1.728E-05 

a 

a 

a 

a 

a 

Xylene  (total) 

3.4807293 

13 

LC50-fish 

10000 

0.0013 

2.68E+03 

a  =  No  toxicity  data  available 

EQ=Concentration  in  water/toxicity  benchmark 

Table  K-11 
POL  Tank  Farm 

Ecological  Quotients  for  Aquatic  Invertebrates  at  the  Mudflats 


Cone 

Toxicity 

Total 

Chemical 

in  GW 

Reference 

Uncert 

Toxicity 

EQ 

mg/L 

Factor 

Benchmark 

Concentration  in  water  =  modeled  groundwater  concentrations  discharging  to  the  shoreline  (see  Appendix  C) 
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Table  K-12 
POL  Tank  Farm 

Ecological  Quotients  for  the  Spotted  Sandpiper 
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Cbemical 


Table  K-13 

Waste  Accumulation  Area 

Ecological  Quotients  for  the  Northern  Pike  from  Discharged 


Cone  I  Toxicity  | 

Reference  Uncert 
Fatfor 


1 ,2-Dichloroethane _  l:l2E-05 

4,4'-DDT _ 3.93E-07 

alpha-BHC _ 2.61E-08 

Arsenic _ 9.51E-05 

Barium _ 2.77E-03 

Benzene _ 9.78E-06 

Benzoic  acid  5.08E-02 


eta-BHC _ 3.67E-08 

bis(2-Ethylhexyl)phthalate  2.21E-06 

Bromochloromethane  4.61E-03 


_ 20  AWQC 

0.000001  AWQC 
0.032  EC-guppy 
0.19  ^QC 

_ 68  LCSO-daphnia 

_ 5.3  AWQC 

a _ a 

0.032  EC-guppy 
540  LC50-trout 


LC50-silverside 
AWQC  ~ 
EC-minnow 


Groundwater 


Toxicity 

Benchmark 


_ M 

0.000001 

0.0000032 

_ 0.19 

0.0068 

_ 0.53 

a _ 

0.0000032 

0.054 

_ a _ 

0.0027 

_ 11.6 

0.01 


5.61E-07 

3.93E-01 

8.15E-03 

5.01E-04 

4.08E-01 

1.84E-05 

a 

1.15E-02 

4.10E-05 

a 

8.52E-07 

4.42E-04 

7.63E-03 


delta-BHC 

mmmm 

EC-guppy 

10000 

0.0000032 

7.01E-05 

Dibromomethane 

msa 

a 

a 

a 

a 

a 

Dieldrin 

woBm 

AWQC 

1 

0.0000019 

6.27E-02 

fgEism 

AWQC 

1 

0.0000056 

2.38E-02 

AWQC 

1 

0.0000023 

4.33E-02 

Heptachlor 

Lead _ 

Manganese 

Methoxychlor 

Nickel 


Selenium 
Vinyl  Chloride 
Zinc 


2.03E-45 

0.0000038  AWQC 

2.05E-04 

0.0032  AWQC 

7.15E-02 

130  LC50-dace 

2.08E-07 

0.0003  AWQC 

l.OOE-04 

0.0083  AWQC 

2.94E-05 

0.005  AWQC 

1.02E-06 

388  EC50-pike 

1.15E-04 

0.11  AWQC 

0.0000023 


0.0000038 
0.0032 ' 
0.043333333  ' 
0.0003 
0.0083  ' 


0.005 


1.43E-02 

5.34E-40 

6.42E-02 

1.65E-H)0 

6.93E-04 

1.21E-02 


5.89E-03 

2.64E-07 

1.05E-03 


a  =  no  toxicity  information  available 


EQ  pike  =concentration  in  water/toxicity  benchmark 

Concentration  in  water  =  modeled  groundwater  concentrations  at  a  5-feet  range  from  shoreline  (see  Appendix  C) 
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Table  K-14 

Waste  Accumulation  Area 

Ecological  Quotients  for  Aquatic  Invertbrates  at  the  Mudflats 


Chemical 

Cone 
in  GW 
mg/L 

Toxicity 

Data 

mgflig 

Reference 

Uncert 

Factor 

Toxicity 

Benchmark 

Total 

EQ 

1 ,2-Dichloroethane 

5.52E-05 

20 

AWQC 

1 

20 

2.76E-06 

4,4'-DDT 

2.42E-05 

0.000001 

AWQC 

1 

0.000001 

2.42E+01 

alpha-BHC 

2.7E-07 

0.1 

EC50-daphnia 

100 

0.001 

2.70E-04 

Arsenic 

0.006399 

0.036 

AWQC 

1 

0.036 

1.78E-01 

Barium 

0.563097 

68 

LC50-daphnia 

100 

0.68 

8.28E-01 

Benzene 

1.81E-11 

5.3 

AWQC 

1 

5.3 

3.42E-12 

Benzoic  acid 

0.005119 

a 

a 

a 

a 

a 

beta-BHC 

4.72E-07 

0.1 

EC50-daphnia 

100 

0.001 

4.72E-04 

bis(2-Ethylhexyl)phthalate 

9.14E-05 

540 

LC50-trout 

1000 

0.54 

1.69E-04 

Bromochloromethane 

0.02342 

a 

a 

a 

a 

a 

Chloromethane 

5.2E-13 

27 

LC50-fish 

10000 

0.0027 

1.93E-10 

cis- 1 ,2-Dichloroethene 

0.001446 

11.6 

AWQC-acute 

10 

1.16 

1.25E-03 

Cobalt 

0.040953 

100 

EC50-fish 

10000 

0.01 

4.10E+00 

delta-BHC 

1.2E-07 

0.1 

EC50-daphnia 

100 

0.001 

1.20E-04 

Dibromomethane 

1.68E-13 

a 

a 

a 

a 

a 

Dieldrin 

6.72E-06 

0.0000019 

AWQC 

1 

0.0000019 

3.54E+00 

Endosulfan  sulfate 

2.56E-07 

0.0000056 

AWQC 

1 

0.0000056 

4.57E-02 

Endrin  aldehyde 

1.41E-06 

0.0000023 

AWQC 

1 

0.0000023 

6.12E-01 

gamma-BHC 

4.43E-07 

0.46 

LC48-daphnia 

100 

0.0046 

Heptachlor 

1.4E-101 

0.0000038 

AWQC 

1 

0.0000038 

3.70E-96 

Lead 

0.023036 

0.0032 

AWQC 

1 

0.0032 

7.20E+00 

Manganese 

38.39301 

130 

LC50-fish 

10000 

0.013 

2.95E+03 

Methoxychlor 

1.76E-06 

0.0003 

AWQC 

1 

0.0003 

5.88E-03 

Nickel 

0.05375 

0.0083 

AWQC 

1 

0.0083 

6.48E+00 

Selenixim 

0.008958 

0.005 

AWQC 

1 

0.005 

1.79E-K)0 

Vinyl  Chloride 

1.69E-05 

388 

EC50-pike 

10000 

0.0388 

4.36E-04 

Zinc 

0.061813 

0.11 

AWQC 

1 

0.11 

5.62E-01 

a  =  no  toxicity  data  available 

EQ  =  Concentration  in  water/toxicily  benchmark 

Concentration  in  water  =  modeled  groundwater  concentrations  discharging  to  the  shoreline  (see  Appendix  C) 
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Spotted  Sandpiper  constants: 

Body  weight  (BW):  kg  0.047  a  =  no  toxicity  data  available 

Water  Intake  (WI):  L/day  0.67  EQ  =  sandpiper  intake/toxicity  benchmark 

Food  Ingestion  rate  (FI):  kg/day  0.00744  Intake  =  (HR/BW)  x  0.42  x  ((Cone  in  Invert  x  FI  x  FF)  +  (Cone  in  water  x  WI)) 

Soil  Ingestion  fraction  (S): _ unitless _ 0.18 _ Cone,  in  Water  =  modeled  groundwater  concentrations  dischzirged  to  the  mudflats  (Appendix  C) 
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Table  K-16 

Waste  Accumulation  Area 
Ecological  Quotients  for  Terrestrial  Plants 


c 


Chemical 


li 


Benzo(a)pyrene _ 

Benzo(b)fluoranthene 


Beiizo(g,h,i)perylene 

Benzo(k)fluoranthene 

Benzoic  acid _ 

is(2“Ethylhexyl)phthalate 


Cadmium 


Chrysene _ 

Dibenz(a,h)anthracene 

Dieldrin _ 

Endosulfan  I 


Endosulfan  II _ 

Endosulfan  sulfate _ 

Endrin _ 

Endrin  aldehyde 


Fluoranthene _ 

Fluorene 


gamma-BHC _ 

Heptachlor _ _ 

Heptachlor  epoxide _ 

Indeno(  1 ,2,3  -cd)pyrene 


Lead _ 

Methoxychlor 


Naphthalene _ 

Phenanthrene _ 

Pyrene 


Reference 

Unccrt 

Toxicity 

Geological 

Factor 

Benchmark 

Quotients 

2-Methylnaphthalene 

0.0162557 

4,4'-DDD 

4.609099 

4,4'-DDE 

0.3491177 

4.4'-DDT 

6.1674321 

Acenaphthene 

0.0434313 

Aldrin 

0.0088931 

Anthracene 

0.50239 

Benz(a)anthracene 

0.4683893 

0.3745214 

0.4000089 ' 

0.1937719' 

0.4031546 

0.0684733 

0.8613209 ' 

0.4912263  ' 

0.5656873  ' 

0.1247134' 

0.2146482 

0.0048722 


0.0010777 

0.0020481 

0.0241381 

0.0011918 

1.3159604 

0.0355753 

0.0083141 

0.0002578 

0.0014101 

0.1754652 

184.1576373 

0.0017364 

0.0080908 

0.6525414 

0.8139525 


a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 


a 

a 

a 

a 

a 

a 

a 

a 


a 

a 

LOEC 

a 

a 

a 

a 


a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

50 

3.68E+00 

a 

a 

a 

a 

a 

a 

a 

a 

a  ==  No  toxicity  data  available 

EQ  plant  =  Concentration  in  soil/toxicity  benchmark 
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Table  K-17 

Waste  Accumulation  Area 
Ecological  Quotients  for  the  Meadow  Vole 
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Waste  Accumulation  Area 
Ecological  Quotients  for  the  Meadow  Vole 
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Table  K-18 

Waste  Accumulation  Area 
Ecological  Quotients  for  the  Red  Fox 
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Waste  Accumulation  Area 
Ecological  Quotients  for  the  Red  Fox 
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Table  K-19 

Waste  Accumulation  Area 
Ecological  Quotients  for  Terrestrial  Invertebrates 


Chemical 

Cone 
in  Soil 
mg/kg 

Toxicity 

Data 

mg/kg 

Reference 

Uncert 

Factor 

Toxicity 

Benchmark 

Total 

EQ 

2-Methyliiaphthalene 

0.016256 

#DIV/0! 

#DIV/0! 

4,4'-DDD 

4.609099 

#DIV/0! 

#DIV/0! 

4,4'-DDE 

0.349118 

#DIV/0! 

#DIV/0! 

4,4'-DDT 

6.167432 

#DIV/0! 

#DIV/0! 

Acenaphthene 

0.043431 

#DIV/0! 

#DIV/0! 

Aldrin 

0.008893 

#DIV/0! 

#DIV/0! 

Anthracene 

0.50239 

#DIV/0! 

#DIV/0! 

Benz(a)anthracene 

0.468389 

#DIV/0! 

#DIV/0! 

Benzo(a)pyrene 

0.374521 

1 

LC50-sandworm 

10 

0.1 

3.75E+00 

Benzo(b)fluoranthene 

0.400009 

#DIV/0! 

#DIV/0! 

Benzo(g,h,i)peiylene 

0.193772 

#DIV/0! 

#DIV/0! 

Benzo(k)fluoranthene 

0.403155 

#DIV/0! 

#DIV/0! 

Benzoic  acid 

0.068473 

#DIV/0! 

#DIV/0! 

bis(2-Ethylhexyl)phthalate 

0.861321 

#DIV/0! 

#DIV/0! 

Cadmium 

0.491226 

#DIV/0! 

#DIV/0! 

Chrysene 

0.565687 

#DIV/0! 

#DIV/0! 

Dibenz(a,h)anthracene 

0.124713 

#DIV/0! 

#DIV/0! 

Dieldrin 

0.214648 

#DIV/0! 

#DIV/0! 

Endosulfan  I 

0.004872 

#DIV/0! 

#DIV/0! 

Endosulfan  II 

0.001078 

#DIV/0! 

#DIV/0! 

Endosulfan  sulfate 

0.002048 

#DIV/0! 

#DIV/0! 

Endrin 

0.024138 

#DIV/0! 

#DIV/0! 

Endrin  aldehyde 

0.001192 

#DIV/0! 

#DIV/0! 

Fluoranthene 

1.31596 

#DIV/0! 

#DIV/0! 

Fluorene 

0.035575 

173 

LC50-earthworm 

10 

17.3 

2.06E-03 

ganuna-BHC 

0.008314 

0.008 

LC50-insect 

10 

0.0008 

1.04E+01 

Heptachlor 

0.000258 

#DIV/0! 

#DIV/0! 

Heptachlor  epoxide 

0.00141 

#DlV/0! 

#DIV/0! 

Indeno(  1,2,3  -cd)pyrene 

0.175465 

#DIV/0! 

#DIV/0! 

Lead 

184.1576 

#DIV/0! 

#DIV/0! 

Methoxychlor 

0.001736 

#DIV/0! 

#DIV/0! 

Naphthalene 

0.008091 

3.8  ] 

LC50-sandworm 

10 

0.38 

2.13E-02 

Phenanthrene 

0.652541 

6  ] 

LC50-sandworm 

10 

0.6 

1.09E-K)0 

Pyrene 

0.813953 

#DIV/0! 

#DIV/0! 

a  =  no  toxicity  data  available 

EQ  invertebrate  =  Concentration  in  soil/toxicity  benchmark 

K-28 


TabIek-20 

Waste  Accumulation  Area 
Ecological  Quotients  for  the  Robin 
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Table  K-22 
Million  Gallon  Hill 

Ecological  Quotients  for  the  Northern  Pike  from  Discharged  Groundwater 


C 


Chemical 


Reference 

Unccrt 

Toxicity 

Total 

EQ 

Factor 

enchmar 

1 , 1  -Dichloroethane _ 

1 ,  i  -Dichloroethene 


1 ,2-Dichloroethane _ 

2-Butanone  (MEK) _ 

2-Methylnaphthalene 


2-Methylphenol(o-cresol) 

4,4'-DDD _ 

4,4'-DDE 


8.88E-10 _ 202  LC50-guppy 

3.78E-11  11.6  AWQC 


1.23E-07 _ 20  AWQC 

2.72E-42 _ 5600  LC50-mosquito  fish 

2.67E-04 _ 2  LCSO-miimow 

2.77E-44 _ 0.15  AWQC _ 

3.32E-08  0.000001  AWQC _ 

1.55E-08  0.000001  AWQC 


4,4'-DDT 

5.28E-09 

0.000001 

AWQC 

4-Methylphenol/3  -Methylphenol 

1.32E-05 

0.15 

AWQC 

Acenaphthene 

5.04E-09 

0.52 

AWQC 

Aldrin _ 

alpha-BHC 


Barium 


Benzene _ 

eta-BHC 


bis(2-Ethylhexyl)phthalate 


Bromochloromethane 

Chloroethane 


Chloromethane 


3.26E-08 


5.10E-05 

7.29E-18 


2.50E-11 


27  LC50-silverside 


60001  0.0336667 
1  11.6 


_ 1_ _ ^ 

10000  0.56 

6000  0.0003333 
1  0.15 

_ 1  0.000001 

1  0.000001 


0.000001 

0.15 

0.52 


0.7032 


0.0068 


0.53 

0.0000032 


0.054 


a 

a 


0.0027 


2.64E-08 

3.26E-12 


6.16E-09 

4.86E-42 

8.01E-01 

1.85E-43 

3.32E-02 

1.55E-02 


5.28E-03 

8.77E-05 

9.69E-09 


8.71E42 


£ 

5.02E-03 


2.00E-07 

1.42E-04 


6.04E-07 


9.26E-09 


cis- 1 ,2-Dichloroethene 

5.70E-05 

11.6 

AWQC 

1 

11.6 

4.91E-06 

Dibenzofuran 

L92E-21 

0.0001 

dose-pike 

100 

0.000001 

1.92E-15 

Dibromomethane 

9.02E-12 

a 

a 

a 

a 

a 

Dieldrin 

L64E-09 

0.0000019 

AWQC 

1 

0.0000019 

8.61E-04 

Endosulfan  sulfate 

1.79E-09 

0.0000056 

AWQC 

1 

0.0000056 

3.20E-04 

Endrin  aldehyde 

1.18E-09 

0.0000023 

AWQC 

1 

0.0000023 

5.12E-04 

Ethylbenzene 

Fluorene 


gairana-BHC 


Heptachlor _ 

Heptachlor  epoxide 


2.20E-07 _ 42.3  LClOO-minnow 

2.01E-10 _ 0.5  LC50-bluegm 

3.73E-10  0.023  LC50-salmon 


2.21E-47  0.0000038  AWQC _ 

2.55E-09  0.0000038  AWQC 


0.00423 

0.00005 

0.0000023 

0.0000038 

0.0000038 


5.21E-05 

4.02E-06 

1.62E-04 

5.81E-42 

6.70E-04 


Lead 

3.10E-06 

0.0032  AWQC 

1 

0.0032 

9.67E-04 

Methylene  chloride 

1.83E-15 

193 

LC50-iniimow 

10000 

0.0193 

9.47E-14 

Naphthalene 

1.14E-06 

0.62 

AWQC 

1 

0.62 

1.84E-06 

Phenanthrene 

8.75E-08 

0.0063 

AWQC 

1 

0.0063 

1.39E-05 

Phenol _ 

Toluene _ 

trans-l  ,2-Dichloroethene 


3.26E-79 

3.82E-15 

4.11E-06 


2.56  AWQC 

17.5  AWQC 

11.6  AWQC 


1.27E-79 

2.18E-15 

3.54E-07 


Trichloroethene 

7.92E-05 

21.9 

AWQC 

1 

21.9 

3.62E-06 

Vinyl  Chloride 

1.48E-08 

388 

EC50-pike 

100 

3.88 

3.82E-09 

Xylene  (total) 

2.98E-04 

13.5 

LC50-trout 

100 

0.135 

2.21E-03 

a  =  no  toxicity  information  available 

EQ  pike  =  concentration  in  water/toxicty  benchmark 

Concentration  in  water  =  modeled  groundwater  concentrations,  at  a  5-feet  range  from  shoreline  (see  Appendix  C) 


Table  K-23 
Million  Gallon  Hill 

Ecological  Quotients  for  Aquatic  Invertebrates  at  the  Mudflats 


Chemical 

Cone 
in  GW 
mg/L 

Toxicity 

Bata 

mg/kg 

Reference 

Uncert 

Factor 

Toxicity 

Benchmark 

Total 

EQ 

1,1  -Dichloroethane 

9.83E-07 

202 

LC50-guppy 

10000 

0.0202 

4.87E-05 

1,1-Dichloroethene 

l.llE-09 

11.6 

AWQC-acute 

10 

1.16 

9.56E-10 

1 ,2-Dichloroethane 

3.28E-06 

20 

AWQC 

1 

20 

1.64E-07 

2-Butanone  (MEK) 

8.06E-39 

2.12 

LC50-daphnia 

100 

0.0212 

3.80E-37 

2-Methylnaphthalene 

0.60661 

1.1 

LC50-shrimp 

10000 

0.00011 

5.51E+03 

2-MethylphenoI(o-cresol) 

4.29E-41 

0.15 

AWQC 

1 

0.15 

2.86E-40 

4,4'-DDD 

6.36E-05 

0.000001 

AWQC 

1 

0.000001 

6.36E+01 

4,4'-DDE 

9.11E-06 

0.000001 

AWQC 

1 

0.000001 

9.11E+00 

4,4'-DDT 

0.002994 

0.000001 

AWQC 

1 

0.000001 

2.99E+03 

4-Methylphenol/3  -Methylphenol 

0.000463 

0.15 

AWQC 

1 

0.15 

3.09E-03 

Acenaphthene 

1.49E-05 

0.52 

AWQC 

1 

0.52 

2.87E-05 

Acetone 

1.81E-35 

6190 

LC50-mosquito 

100 

61.9 

2.93E-37 

Aldrin 

3.8E-07 

0.0000019 

AWQC 

1 

0.0000019 

2.00E-01 

alpha-BHC 

1.64E-07 

0.1 

EC50-daphnia 

100 

0.001 

1.64E-04 

Barium 

0.011889 

68 

LC50-daphnia 

100 

0.68 

1.75E-02 

Benzene 

1.57E-08 

5.3 

AWQC 

1 

5.3 

2.96E-09 

beta-BHC 

1.61E-07 

0.1 

EC50-daphnia 

100 

0.001 

1.61E-04 

bis(2-Ethylhexyl)phthalate 

2.53E-05 

540 

LC50-trout 

1000 

0.54 

4.69E-05 

Bromochloromethane 

0.002521 

a 

a 

a 

a 

a 

Chloroethane 

L91E-14 

a 

a 

a 

a 

a 

Chloromethane 

3.67E-12 

27 

LC50-fish 

10000 

0.0027 

1.36E-09 

cis-l,2“Dichloroethene 

0.003583 

11.6 

AWQC-acute 

10 

1.16 

3.09E-03 

Dibenzoluran 

5.69E-18 

0.00000001 

AWQC 

1 

0.00000001 

5.69E-10 

Dibromomethane 

4.59E-12 

a 

a 

a 

a 

a 

Dieldrin 

l.OlE-06 

0.0000019 

AWQC 

1 

0.0000019 

5.32E-01 

Endosulfan  sulfate 

l.OlE-06 

0.0000056 

AWQC 

1 

0.0000056 

1.81E-01 

Endrin  aldehyde 

2.82E-07 

0.0000023 

AWQC 

1 

0.0000023 

1.22E-01 

Ethylbenzene 

0.000252 

275 

LC50-shrimp 

10000 

0.0275 

9.17E-03 

Fluorene 

5.87E-07 

1 

LC50-shrimp 

10000 

0.0001 

5.87E-03 

gamma-BHC 

4.62E-08 

0.46 

LC48-daphnia 

100 

0.0046 

l.OOE-05 

Heptachlor 

2.81E-103 

0.0000038 

AWQC 

1 

0.0000038 

7.39E-98 

Heptachlor  epoxide 

7.02E-07 

0.0000038 

AWQC 

1 

0.0000038 

1.85E-01 

Lead 

0.00256 

0.0032 

AWQC 

1 

0.0032 

8.00E-01 

Methylene  chloride 

4.59E-12 

224 

LC50-daphnia 

2.24 

2.05E-12 

Naphthalene 

0.003271 

0.62 

AWQC 

1 

0.62 

5.28E-03 

Phenanthrene 

0.000253 

0.063 

AWQC 

1 

0.063 

4.02E-03 

Phenol 

9.46E-76 

2.56 

AWQC 

1 

2.56 

3.69E-76 

Toluene 

6.12E-20 

17.5 

AWQC 

1 

17.5 

3.50E-21 

trans- 1 ,2-Dichloroethene 

0.000425 

11.6 

AWQC-acute 

10 

1.16 

3.66E-04 

Trichloroethene 

0.000768 

21.9 

AWQC 

1 

21.9 

3.50E-05 

Vinyl  Chloride 

0.011006 

388  : 

EC50-pike 

10000 

0.0388 

2.84E-01 

Xylene  (total) 

0.046347 

13  j 

LC50-fish 

10000 

0.0013 

3.57E-K)1 

a  =  no  toxicity  data  available 

EQ  =  Concentration  in  water/toxicity  benchmark 

Concentration  in  water  =  modeled  groundwater  concentrations  discharging  to  the  shoreline  (see  Appendix  C) 
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Table  K-25 
Million  Gallon  Hill 

Ecological  Quotients  for  Terrestrial  Plants 


Chemical 

Cone 
in  Soil 
mg/kg 

Tox 

Data 

mg/kg 

Reference 

Uncert 

Factor 

||||IS|iiii||||| 

Benchmark 

Ecologicai 

Quotients 

2-Methylnaphthalene 

0.0311336 

#DIV/0! 

#DIV/0! 

4,4'-DDD 

0.0539197 

#DIV/0! 

#DlV/0! 

4,4'-DDE 

0.0149927 

#DIV/0! 

#DlV/0! 

4,4'-DDT 

0.1399645 

#DIV/0! 

#DlV/0! 

4-Methyl-2-Pentanone(MIBK) 

0.0013963 

#DIV/0! 

#DlV/0! 

Acenaphthene 

0.0135194 

#DIV/0! 

#DlV/0! 

alpha-BHC 

0.001298 

#DIV/0! 

#DIV/0! 

Anthracene 

0.0489641 

#DlV/0! 

#DlV/0! 

Benz(a)anthracene 

0.1469011 

#DIV/0! 

#DlV/0! 

Benzo(a)pyrene 

0.342895 

#DIV/0! 

#DlV/0! 

Benzo(b)fluoranthene 

3.702475 

#DIV/0! 

#DlV/0! 

Benzo(g,h,i)perylene 

0.1868993 

#DIV/0! 

#DlV/0! 

BenzoGt)fluoraiithene 

0.5105341 

#DIV/0! 

#DlV/0! 

beta-BHC 

0.0028971 

#DlV/0! 

#DlV/0! 

bis(2-Ethylhexyl)phthalate 

0.1319043 

#DlV/0! 

#DlV/0! 

Chrysene 

0.3820001 

#DIV/0! 

#DIV/0! 

Dibenzofuran 

0.0133364 

#DIV/0! 

#DlV/0! 

Dibutyl  phthalate 

0.0281606 

#DIV/0! 

#DlV/0! 

Dieldrin 

0.0015033 

#DIV/0! 

#DlV/0! 

Endosulfan  I 

0.0019541 

#DIV/0! 

#DIV/0! 

Endosulfan  sulfate 

0.0071415 

#DIV/0! 

#DIV/0! 

Endrin  aldehyde 

0.0014874 

#DIV/0! 

#DlV/0! 

Fluoranthene 

0.5442095 

#DIV/0! 

#DlV/0! 

Fluorene 

0.0170268 

#DIV/0! 

#DlV/0! 

gamma-BHC 

0.0018575 

#DIV/0! 

#DlV/0! 

Heptachlor 

0.0017009 

#DIV/0! 

#DlV/0! 

Indeno(  1,2,3  -cd)pyrene 

0.1715847 

#DlV/0! 

#DlV/0! 

Lead 

1306.964784 

50 

LOEC 

1 

50 

26.1392957 

Methoxychlor 

0.0000731 

#DIV/0! 

#DlV/0! 

Methylene  chloride 

0.0306098 

#DIV/0! 

#DlV/0! 

Naphthalene 

0.022365 

#DlV/0! 

#DlV/0! 

Phenanthrene 

0.1639067 

#DIV/0! 

#DlV/0! 

Pyrene 

0.4244121 

#DIV/0! 

#DlV/0! 

a  =  no  toxicity  data  available 

EQ  plant  =  Concentration  in  soil/toxicity  benchmark 
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Million  Gallon  Hill 
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Chemical 

Cone 
in  Soil 
mg/kg 

Reference 

Uncert 

Factor 

Toxicity 

Benchmark 

Total 

EQ 

2-Methylnaphthalene 

0.031134 

#DIV/0! 

#DlV/0! 

4,4'-DDD 

0.05392 

#DlV/0! 

#DlV/0! 

4,4'-DDE 

0.014993 

#DIV/0! 

#DIV/0! 

4,4'-DDT 

0.139965 

#DIV/0! 

#DIV/0! 

4-Methyl-2-Pentanone(MIBK) 

0.001396 

#DIV/0! 

#DlV/0! 

Acenaphthene 

0.013519 

#DlV/0! 

#DIV/0! 

alpha-BHC 

mm 

#DIV/0! 

Anthracene 

Km 

#DlV/0! 

#DIV/0! 

Benz(a)anthracene 

0.146901 

#DIV/0! 

#DIV/0! 

Benzo(a)pyrene 

0.342895 

1 

LC50-sandwonn 

10 

0.1 

3.42895 

Benzo(b)fluoranthene 

3.702475 

#DIV/0! 

#DIV/0! 

Benzo(g,h,i)perylene 

0.186899 

#DIV/0! 

#DlV/0! 

Benzo(k)fluoranthene 

0.510534 

#DIV/0! 

#DlV/0! 

beta-BHC 

0.002897 

0.1 

EC50-daphnia 

10 

0.01 

0.28971 

bis(2-Ethylhexyl)phthalate 

0.131904 

#DlV/0! 

#DIV/0! 

Chrysene 

0.382 

#DIV/0! 

#DlV/0! 

Dibenzofuran 

0.013336 

#DIV/0! 

#DIV/0! 

Dibutyl  phthalate 

0.028161 

#DIV/0! 

#DIV/0! 

Dieldrin 

0.001503 

#DIV/0! 

#DIV/0! 

Endosulfan  I 

0.001954 

#DIV/0! 

#DlV/0! 

Endosulfan  sulfate 

0.007142 

#DIV/0! 

#DlV/0! 

Endrin  aldehyde 

0.001487 

#DlV/0! 

#DIV/0! 

Fluoranthene 

0.54421 

#DlV/0! 

#DlV/0! 

Fluorene 

0.017027 

173 

LC50-earthwonn 

10 

17.3 

0.000984 

gamma-BHC 

0.001858 

0.008 

LC50-insect 

10 

0.0008 

2.321875 

Heptachlor 

0.001701 

#DIV/0! 

#DIV/0! 

Indeno(l,2,3-cd)pyrene 

0.171585 

#DIV/0! 

#DIV/0! 

Lead 

1306.965 

#DIV/0! 

#DIV/0! 

Methoxychlor 

7.31E-05 

#DlV/0! 

#DIV/0! 
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a  =  no  toxicity  data  available 

EQ  invertebrate  =  Concentration  in  soil/toxicity  benchmark 
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Table  K-30 
Million  Gallon  Hill 
Ecological  Quotients  for  the  Kestrel 


K-46 


TableK-31 

Million  Gallon  Hill/Waste  Accumulation  Area 
Ecological  Quotients  for  Aquatic  Invertebrates  at  the  Drainage  Ditches 
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TabinC-32 

Million  GaUon  HillAVaste  Accumulation  Area 
Ecological  Quotients  for  the  Spotted  Sandpiper  at  the  Drainage  Ditches 
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Table  K-32 

Million  Gallon  Hill/Waste  Accumulation  Area 
Ecological  Quotients  for  the  Spotted  Sandpiper  at  the  Drainage  Ditches 
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Table  K-33 
JP4-FiIIstands 

Ecological  Quotients  for  the  Northern  Pike  from  Discharged  Groundwater 


Chemical 

mmm 

Toxicity 

Data 

mg/kg 

Reference 

Uncert 

Factor 

Toxicity 

Benchmark 

Total 

EQ 

1 , 1  -Dichloroethane 

2.66E-10 

202 

LC50-guppy 

6000 

0.03366667 

7.89E-09 

1 ,2-Dichloroethane 

4.08E-10 

20 

AWQC 

1 

20 

2.04E-11 

2-Methylnaphthalene 

1.77E-07 

2 

LC50-ininnow 

10000 

0.0002 

8.83E-04 

2-Methylphenol(o-cresol) 

L60E-44 

0.15 

AWQC 

1 

0.15 

1.07E-43 

4,4'-DDD 

6.30E-10 

0.000001 

AWQC 

1 

0.000001 

6.30E-04 

4,4'-DDT 

2.26E-10 

0.000001 

AWQC 

1 

0.000001 

2.26E-04 

4-Methylphenol(p-cresol) 

1.25E-25 

0.15 

AWQC 

1 

0.15 

8.33E-25 

Aldrin 

1.52E-10 

0.0000019 

AWQC 

1 

0.0000019 

7.99E-05 

alpha-BHC 

6.97E-12 

0.032 

EC-guppy 

10000 

0.0000032 

2.18E-06 

Arsenic 

1.09E-06 

0.19 

AWQC 

1 

0.19 

5.76E-06 

Barium 

2.27E-05 

68 

LC50-daphnia 

10000 

0.0068 

3.34E-03 

Benzene 

7.43E-08 

5.3 

AWQC 

10 

0.53 

1.40E-07 

Benzoic  acid 

8.48E-08 

a 

a 

a 

a 

a 

beta-BHC 

9.34E-12 

0.032 

EC-guppy 

10000 

0.0000032 

2.92E-06 

bis(2-Ethylhexyl)phthalate 

2.21E-09 

540 

LC50-trout 

10000 

0.054 

4.09E-08 

Bromochloromethane 

5.08E-07 

a 

a 

a 

a 

a 

cis-l,2-Dichloroethene 

3.16E-08 

11.6 

AWQC 

1 

11.6 

2.73E-09 

Endosulfan  I 

2.09E-67 

0.0000056 

AWQC 

1 

0.0000056 

3.72E-62 

Endrin  aldehyde 

2.59E-10 

0.0000023 

AWQC 

1 

0.0000023 

1.13E-04 

Ethylbenzene 

7.08E-11 

42.3 

LClOO-minnow 

10000 

0.00423 

1.67E-08 

gamma-BHC 

3.49E-12 

0.023 

LC50-salmon 

10000 

0.0000023 

1.52E-06 

Heptachlor 

4.89E-106 

0.0000038 

AWQC 

1 

0.0000038 

1.29E-100 

Heptachlor  epoxide 

4.50E-11 

0.0000038 

AWQC 

1 

0.0000038 

1.19E-05 

Lead 

2.31E-07 

0.0032 

AWQC 

1 

0.0032 

7.21E-05 

Naphthalene 

3.74E-09 

0.62 

AWQC 

1 

0.62 

6.03E-09 

Phenol 

7.97E-81 

2.56 

AWQC 

1 

2.56 

3.11E-81 

Selenium 

1.67E-07 

0.005 

AWQC 

1 

0.005 

3.35E-05 

Toluene 

4.80E-28 

17.5 

AWQC 

10 

1.75 

2.75E-28 

Trichloroethene 

1.91E-08 

21.9 

AWQC 

1 

21.9 

8.71E-10 

Xylene  (total) 

3.82E-07 

13.5 

LC50-trout 

100 

0.135 

2.83E-06 

a  =  no  toxicity  information  available 

EQ  pike  =concentration  in  water/toxicity  benchmark 

Concentration  in  water  =  modeled  groimdwater  concentrations  at  the  5-foot  range  from  shoreline  (see  Appendix  C 
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Table  K-34 
JP4-FiIlstands 

Ecological  Quotients  for  Aquatic  Invertebrates  at  the  Mudflats 


Chemical 

Cone 

inCW 

mg/L 

Reference 

Uncert 

Factor 

Toxicity 

Benchmark 

Total 

EQ 

1 , 1  -Dichloroethane 

1.31E-05 

202 

LC50-guppy 

10000 

0.0202 

6.49E-04 

1 ,2-Dichloroethane 

2.01E-05 

20 

AWQC 

1 

20 

l.OlE-06 

2-Methylnaphthalene 

0.008715 

1.1 

LC50-shrimp 

10000 

0.00011 

7.92E+01 

2-Methylphenol(o-cresol) 

7.92E-40 

0.15 

AWQC 

1 

0.15 

5.28E-39 

4,4'-DDD 

3.11E-05 

0.000001 

AWQC 

1 

0.000001 

3.11E+01 

4,4‘-DDT 

1.12E-05 

0.000001 

AWQC 

1 

0.000001 

1.12E+01 

4-Methylphenol(p-cresol) 

6.17E-21 

0.15 

AWQC 

1 

0.15 

4.11E-20 

Aldrin 

7.5E-06 

0.0000019 

AWQC 

1 

0.0000019 

3.95E+00 

alpha-BHC 

3.44E-07 

0.1 

EC50-daphnia 

100 

0.001 

3.44E-04 

Arsenic 

0.054006 

0.036 

AWQC 

1 

0.036 

1.50E-K)0 

Barium 

1.119796 

68 

LC50-daphnia 

100 

0.68 

1.65E+00 

Benzene 

0.00367 

5.3 

AWQC 

1 

5.3 

6.92E-04 

Benzoic  acid 

0.004185 

a 

a 

a 

a 

a 

beta-BHC 

4.61E-07 

0.1 

EC50-daphnia 

100 

0.001 

4.61E-04 

bis(2-Ethylhexyl)phthalate 

0.000109 

540 

LC50-trout 

1000 

0.54 

2.02E-04 

Bromochloromethane 

0.025083 

a 

a 

a 

a 

a 

cis- 1 ,2-Dichloroethene 

0.001561 

11.6 

AWQC-acute 

10 

1.16 

1.35E-03 

Endosulfan  I 

1.03E-62 

0.0000056 

AWQC 

1 

0.0000056 

1.84E-57 

Endrin  aldehyde 

1.28E-05 

0.0000023 

AWQC 

1 

0.0000023 

5.56E+00 

Ethylbenzene 

3.49E-06 

275 

LC50-shrimp 

10000 

0.0275 

1.27E-04 

gamma-BHC 

1.73E-07 

0.46 

LC48-daphnia 

100 

0.0046 

3.75E-05 

Heptachlor 

2.4E-101 

0.0000038 

AWQC 

1 

0.0000038 

6.36E-96 

Heptachlor  epoxide 

2.22E-06 

0.0000038 

AWQC 

1 

0.0000038 

5.85E-01 

Lead 

0.01139 

0.0032 

AWQC 

1 

0.0032 

3.56E-K)0 

Naphthalene 

0.000185 

0.62 

AWQC 

1 

0.62 

2.98E-04 

Phenol 

3.94E-76 

2.56 

AWQC 

1 

2.56 

1.54E-76 

Selenium 

0.008267 

0.005 

AWQC 

1 

0.005 

1.65E-K)0 

Toluene 

2.37E-23 

17.5 

AWQC 

1 

17.5 

1.36E-24 

Trichloroethene 

0.000942 

21.9 

AWQC 

1 

21.9 

4.30E-05 

Xylene  (total) 

0.018866 

13 

LC50-fish 

10000 

0.0013 

1.45E+01 

a  =  no  toxicity  data  available 

EQ  =  Concentration  in  water/toxicily  benchmark 

Concentration  in  water  =  modeled  groundwater  concentrations  discharging  to  the  shoreline  (see  Appendix  C) 
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Table  K-35 
JP4-FiIlstands 

Ecological  Quotients  for  the  Spotted  Sandpiper  at  the  Mudflats 
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Table  K-36 
Building  1845 

Ecological  Quotients  for  the  Northern  Pike  from  Discharged  Groundwater 


Chemical 


Reference 


Uncert  Toxicity 
factor  enchmar 


1. 1.2- Trichloroethane _ 

1 , 1  -Dichloroethane _ 

1 , 1  -Dichloroethene _ 

1.2- Dichloroethane _ 

4,4'-DDD _ 

4,4’.DDE 


4,4'-DDT _ 

4-Methyl-2-Pentanone(MIBK) 


4.87E-07 

9.4 

5.12E-08 

202 

1.38E-09 

11.6 

8.51E-08 

20 

1.61E-07 

0.000001 

1.35E-08 

0.000001 

HEHIol 

Arsenic 

2.60E-05 

0.19 

AWQC 

Benzene 

4.58E-14 

5.3 

AWQC 

beta-BHC 

4.69E-09 

0.032 

EC-guppy 

bis(2-Ethylhexyl)phthalate 

2.09E-07 

540 

1 

O 

Bromochloromethane 

4.20E-03 

a 

a 

Cadmium 

1.66E-05 

0.0011 

AWQC 

Chloroform 

2.00E-06 

1.24 

AWQC 

Chloromethane 

6.24E-16 

27 

LC50-silverside 

_ 1_ _ 9^ 

6000  0,0336667 

_ 1  11.6 

_ 1^ _ 

_ 1  0.000001 

l|  0-000001 
0.000001 
0,15 
0,0000019 
0.0000032 
0.19 
0.53 

lOOOOl  0.0000032 
10000 1  0.054' 

a 

0.0011  ■ 


5.19E-08 

1.52E-06 

1.19E-10 

4.25E-09 

1.61E-01 

1.35E-02 

3.02E-02 

1.37E-41 

2.33E-02 

3.32E-04 

1.37E-04 

8.65E-14 

1.47E-03 

3.87E-06 

a 

1.51E-02 


lijr.nrwr.m 


Ethylbenzene 

gamma-BHC 

Heptachlor 


6.46E-10 

1.54E-09 

4.04E-103 


Heptachlor  epoxide 

1.73E-08 

Lead 

1.87E-05 

Phenanthrene 

7.01E-08 

Tetrachloroethene 

1.25E-07 

trans-1 ,2-Dichloroethene 

3.65E-04 

Trichloroethene 

7.26E-03 

Trichlorofluoromethane 

4.16E-08 

Vinyl  Chloride 

9.91E-07 

0.0000056 

0.0000023 


42.3 

0.023 

0.0000038 

0.0000038 

0.0032 

0.0063 

23.5 

11.6 
21.9 


AWQC _ 

AWQC 


LClOO-miimow 

LC50-salmon 

AWQC _ 

AWQC _ 

AWQC 

AWQC _ 

LCSO-minnow 

AWQC _ 

AWQC _ 

_ a _ 

EC50-pike 


_ 1  0.0000056 

_ 1  0,0000023 

10000  0.00423 

10000  0.0000023' 


4_ 

2 


4.93E-04 

3.93E-02 

1.53E-07 

6.72E-04 


10000 

_ |_ 

_ 

a 

100 


0.0000038 

1.06E-97 

0.0000038 

4.54E-03 

0.0032 

5.85E-03 

0.0063 

l.llE-05 

0.00235 

5.31E-05 

11.6 

3.14E-05 

2.55E-07 


a  =  no  toxicity  information  available 

EQ  pike  =concentration  in  water/toxicity  benchmark 

Concentration  in  water  =  modeled  groundwater  concentrations  at  a  5-feet  range  from  shoreline  (see  Appendix  C 


Table  K-37 
Building  1845 

Ecological  Quotients  for  Aquatic  Invertebrates  at  the  Mudflats 


Chemical 

Cone 
in  GW 
ffig/L 

Toxicity 

Data 

mg/kg 

Reference 

Uncert 

Factor 

Toxicity 

Benchmark 

Total 

m 

1,1 ,2-Trichloroethane 

0.000316405 

9.4 

AWQC 

1 

9.4 

3.37E-05 

1 , 1  -Dichloroethane 

3.32386E-05 

202 

LC50-guppy 

10000 

0.0202 

1.65E-03 

1 , 1  -Dichloroethane 

8.9515E-07 

11.6 

AWQC 

1 

11.6 

7.72E-08 

1 ,2-Dichloroethane 

5.52416E-05 

20 

AWQC 

1 

20 

2.76E-06 

4,4'-DDD 

0.000104787 

0.000001 

AWQC 

1 

0.000001 

1.05E-K)2 

4,4'-DDE 

8.75148E-06 

0.000001 

AWQC 

1 

0.000001 

8.75E+00 

4,4'-DDT 

1.95757E-05 

0.000001 

AWQC 

1 

0.000001 

1.96E+01 

4-Methyl-2-Pentanone(MIBK) 

1.33605E-39 

505 

LC50-fish 

10000 

0.0505 

2.65E-38 

Aldrin 

2.87285E-05 

1.9E-06 

AWQC 

1 

0.0000019 

1.51E+01 

alpha-BHC 

6.894 14E-07 

0.1 

EC50-daphnia 

100 

0.001 

6.89E-04 

Arsenic 

0.016892924 

0.036 

AWQC 

1 

0.036 

4.69E-01 

Benzene 

2.97497E-11 

5.3 

AWQC 

1 

5.3 

5.61E-12 

beta-BHC 

3.04528E-06 

0.1 

EC50-daphnia 

100 

0.001 

3.05E-03 

bis(2-Ethylhexyl)phthalate 

0.000135607 

540 

LC50-trout 

1000 

0.54 

2.51E-04 

Bromochloromethane 

2.72590371 

a 

a 

a 

a 

a 

Cadmium 

0.010750043 

6.4 

LC50-plankton 

100 

0.064 

1.68E-01 

Chloroform 

0.00129643 

1.24 

AWQC 

1 

1.24 

1.05E-03 

Chloromethane 

4.05182E-13 

27 

LC50-bluegill 

10000 

0.0027 

1.50E-10 

cis- 1 ,2-Dichloroethene 

3.3273942 

11.6 

AWQC-acute 

10 

1.16 

2.87E+00 

Dieldrin 

2.53921E-05 

1.9E-06 

AWQC 

1 

0.0000019 

1.34E-K)1 

Endosulfan  sulfate 

1.79167E-06 

5.6E-06 

AWQC 

1 

0.0000056 

3.20E-01 

Endrin  aldehyde 

5.86133E-05 

2.3E-06 

AWQC 

1 

0.0000023 

2.55E+01 

Ethylbenzene 

4.19186E-07 

275 

LC50-shrimp 

10000 

0.0275 

1.52E-05 

gamma-BHC 

1.00279E-06 

0.46 

LC48-daphnia 

100 

0.0046 

2.18E-04 

Heptachlor 

2.623  lE-lOO 

3.8E-06 

AWQC 

1 

0.0000038 

6.90E-95 

Heptachlor  epoxide 

1.12077E-05 

3.8E-06 

AWQC 

1 

0.0000038 

2.95E+00 

Lead 

0.012157787 

0,0032 

AWQC 

1 

0.0032 

3.80E+00 

Phenanthrene 

4.55093E-05 

0.063 

AWQC 

1 

0.063 

7.22E-04 

Tetrachloroethene 

8.10417E-05 

18 

LC48-daphnia 

100 

0.18 

4.50E-04 

trans-l,2-Dichloroethene 

0.236756895 

11.6 

AWQC-acute 

10 

1.16 

2.04E-01 

Trichloroethene 

4.711153945 

21.9 

AWQC 

1 

21.9 

2.15E-01 

Trichlorofluoromethane 

2.70139E-05 

a 

a 

a 

a 

a 

Vinyl  Chloride 

0.00064345 

388 

EC50-pike 

10000 

0.0388 

1.66E-02 

a  =  no  toxicity  data  available 

EQ=Concentration  in  water/toxicity  benchmark 

Concentration  in  water  =  modeled  groundwater  concentrations  discharging  to  the  shoreline  (see  Appendix  C) 
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TabirK-38 
Building  1845 

Ecological  Quotients  for  the  Spotted  Sandpiper  at  the  Mudflats 
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Table  K-38 
Building  1845 

Ecological  Quotients  for  the  Spotted  Sandpiper  at  the  Mudflats 
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